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Human-elephant conflict (HEC) is complex and a serious elephant conservation 
concern across Africa and Asia where elephants are found. HEC occurs whenever people 
and elephants share common interests. For HEC to be ameliorated and elephant 
conservation to be successful locally and regionally, the distribution and implications of 
HEC should be understood. The purpose of this study was to determine the spatial 
distribution of HECs and characterize elephant herds in terms of herd size responsible for 
crop-raiding in Kasigau. 
The study was generally guided by two working a priori hypotheses: (1) farms 
near the bush edge or livestock watering points will experience more crop raiding 
incidences than those farther away, and (2) given the geographical differences, the total 
cost of damage to crops sustained in all the farms will be different across the seven 
villages. For hypothesis 1, the distances of random farms to the bush and to the bush edge 
were mapped and measured on Google EarthTM. Results of the study showed that there 
were differences in the distribution of the distances from the bush and from water for 
farms that experienced damage and a random selection of farms (p < .0001). 
Additionally, total cost of damage to crops (Kruskal-Wallis; p < 0.0001), average cost of 
damage to crops per acre per incursion (Kruskal-Wallis ANOVA; p = 0.0255) and mean 
cost of damage to crops and facilities (Kruskal-Wallis ANOVA; p < 0.0001) were also 
found to be statistically different across all the villages. Four villages (Bungule, 
  
 
xi 
Ngambenyi, Makwasinyi, and Kisimenyi) sustained high total cost of damage to crops 
and average cost of damage to crops per acre per incursion indicating that these villages 
had similar elephant pressure. Ngambenyi village sustained the greatest cost of damage to 
crops while Kiteghe recorded the greatest average cost of damage to crops per acre per 
incursion.  
 A posteriori hypotheses included: (1) there will be seasonal distribution of 
elephant attacks on farms. Results showed that the proportion of total crop-raiding 
incidents was different during wet and dry seasons in my study period (X2 = 5.49, df = 1, 
p < .019) with the greatest occurrence of attacks taking place in February, which 
coincided with crop maturity. This indicates that crop raiding incidents were most 
common during harvesting time. This result coincides with what was reported elsewhere. 
(2) there will be difference in the number of crop-raiding incidents by single and multiple 
elephant responsible for crop incursions in Kasigau. Results demonstrated that the 
number of crop-raiding incidents by single and multiple elephants were significantly 
different (X2 = 329.1037; df = 1; p < .0001). A total of 163 (72%) farm incursions were 
caused by elephant herds comprising multiple individuals while single elephants were 
responsible for 62 crop-raiding incidents, or 28% of total farm incursions. 100% (225 
incursions) of crop incursions reported occurred during the night. 
  
 
1 
1. INTRODUCTION AND LITERATURE REVIEW 
1.1 Introduction 
Human wildlife conflict (HWC) has been in existence for as long as wild animals 
and people have shared the same landscapes and resources. HWC occurs when wildlife 
requirements overlap with those of human populations, creating costs to residents and 
wild animals (World Park Congress 2003). Furthermore, wildlife conservation is 
increasingly taking place in heavily human-affected ecosystems, which are the locations 
of both rural poverty and high biodiversity (Johansson 2008). HWC has become a 
growing concern globally that is not restricted to a particular region but is common to all 
areas where wildlife and human population coexist. A set of global trends has contributed 
to the intensification of human-wildlife conflict and changes in ecosystems worldwide. 
These notable trends are the spread of agriculture, growth of human population, increased 
urbanization (African Wildlife Foundation 2005), increase of conservation areas 
(O’Connell-Rodwell et al. 2000, Smith & Kasiki 2000,), land use transformations 
(including habitat loss, degradation and fragmentation), growing interest in ecotourism, 
and increasing livestock populations and the accompanying competitive exclusion of wild 
herbivores (Destefano 2005). Typically, the conflict occurs outside protected areas where 
people and wildlife interact as a result of their range overlap. Mostly, this overlap exists 
where protected areas neighbor agricultural land. The zone between protected areas and 
agricultural land is complex and dynamic. Many protected areas are unfenced and wild 
animals are able to move in and out to forage in agricultural areas. Similarly, people are 
able to enter protected areas to hunt animals, collect fruits and firewood, and graze their 
livestock (Johansson 2008).
 2 
 
 
Presently, elephant numbers are increasing in some areas at the same time their 
ranges may be decreasing (Blanc et al. 2007), increasing the likelihood of elephants 
moving into human settlements and agricultural areas. 
1.2 Literature review 
1.2.1 HWC and proximity to agricultural areas  
Many researchers have shown that the level of human-wildlife conflict increases 
with proximity of wildlife conservation areas to agricultural areas. For example, near the 
Great Lakes in the U.S., livestock predation by gray wolves (Canis lupus) increased as 
wolves dispersed into agricultural areas (Mech 1995). Jaguars (Panthera onca) and 
pumas (Puma concolor) along tropical deforestation frontiers in Brazil often shifted from 
natural to livestock prey because of their increased proximity to human agriculture, thus 
increasing the likelihood of conflicts with humans (Michalski et al. 2005). In the Simao 
region of Yuman province in China, large scale crop and property damage was a result of 
communities living in the habitat of Asian elephants (Zhang et al. 2003). In Tanzania, 
more than 71% of local people living adjacent to protected areas reported problems with 
wildlife; 85% of crop damage was caused by elephants, among others (baboons, bush 
pigs, red tail monkeys, and chimpanzee) (Naughton-Treves 1998). In Uganda, small-scale 
subsistence farmers who grew food crops in farms within 200 meters of the forest in 
villages where elephants are common were most vulnerable (Naughton-Treves 1998). In 
Kasigau, Kenya, surveys conducted by WKU and University of Nairobi (UoN) revealed 
up to 100% of respondents experienced animal damage to their crops, structures, or 
people on their farms. Kasigau is surrounded by bush land and borders the Tsavo East 
and West National Parks.  
 3 
 
 
Human wildlife conflict in Kenya is prevalent in all areas where elephants are 
found, but it is most intense in agricultural areas, particularly when crop land borders 
National Parks and National Reserves (Kiiru 1995). Elephants are considered the most 
serious crop raiders because they can destroy crops and products as well as injure people 
(Smith & Kasiki 2000). For example, 15 people were killed and 24 injured by elephants 
between 1993 and 2004 in the Tsavo-Amboseli areas. Forty-four elephants were killed in 
the same area during the same period (Kioko et al. 2006). A study by Muruthi et al. 
(2000) in Kilimanjaro found that in 1996 and 1997, at least 15 elephants, representing 
three-quarters of the local population’s mortality, had been killed in conflict situations 
with local people. 
In the Tsavo ecosystem, elephants crop raid at night and tend to remain within the 
National Parks during the day (Smith & Kasiki 2000)  The incidence of crop raiding is 
high in the dry season (Kioko et al. 2006). Tsavo is one of the driest regions in Kenya 
and water scarcity during the dry season forces elephants to come to settled areas. People 
have excavated water pans to provide water for their livestock; a study by Thouless 
(1994) found that these artificially maintained water sources attracted elephants and 
brought them closer to human settlements, thus increasing HEC. 
1.2.2 Types of conflicts 
There are many different forms of conflict, but they are all similar in that they 
have negative effects upon the people and wildlife species involved. According to Knight 
(2000), human-wildlife conflicts usually arise from territorial proximity, reliance on the 
same resources, or threat to human livelihood and safety. He further categorized human-
wildlife conflict as attack on livestock, crop-raiding, forest damage, competition for wild 
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forage with humans, livestock or with game animals, and threat to other natural species 
and to biodiversity. 
1.2.3 Impact of HWC 
HWC has far-reaching environmental, social, and economic impacts. In many 
parts of Africa, the conflict between local people and wildlife is probably the most 
serious problem in areas adjacent to nature reserves, which form spatial boundaries 
between protected areas and human settlements. Those species crossing this spatial 
boundary are often subjects of negative symbolism and regarded as immoral characters, 
such as thieves or murderers (Knight 2000). As a result, these problems with wildlife 
have strongly influenced negative attitudes of local people towards conservation 
(Newmark & Leonard 1991). Animals viewed by local people as causing problems will 
be targeted in retaliatory efforts (Sitati et al. 2005) and this could negatively affect their 
local populations. As a result, conflict between people and wildlife today undoubtedly 
ranks alongside habitat destruction as the major threats to conservation in Africa (AWF 
2005). 
Human-wildlife conflict also affects humans economically through destruction 
and damage to property (such as agricultural crops, grain stores, and water installations), 
negative social impacts (such as missing school and work, opportunity costs as a result of 
crop guarding), and fear and restriction of travel (Hoare 1999). Most major mammalian 
orders, including rodents, primates, and cetartiodactyls, among others, have been 
implicated in human wildlife conflict, but their level of conflict is considered low 
compared to that of elephants. For example, in Africa, a wide range of animals cause 
problems for people. Many animals raid crops (Hoare 1999, Sitati et al. 2003). Elephants 
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and buffalo eat all food crops; monkeys and baboons eat maize and fruits; bush pigs 
consume potatoes and groundnuts; and birds eat the seeds from sorghum. Large and 
dangerous animals such as elephants and hippos may injure or kill people (IFCFUN 
2008). 
Taylor (1999) found that farmers seem to express more frustration at animals that 
crop raid at night. This is because those animals that crop-raid during the day, such as 
baboons and vervet monkeys, usually come when farmers are working in their farms and 
they can chase them away rather easily. Elephants mostly crop-raid at night (Smith & 
Kasiki 2000) and this, together with the level of destruction when they invade farms, 
increases the negative attitude farmers have towards them, especially if the farmers do 
not benefit from tourism or other benefits emanating directly from the presence of 
elephants (Anthony 2007). 
1.2.4 Universality of HWC  
Multiple studies show the universality of human-wildlife conflict. For example, in 
Idaho, Montana, and Wyoming (USA), over a period of 14 years (1987-2001), wolves 
killed 728 domestic animals, mainly sheep and cattle (Musiani et al. 2003). In Asia, large 
feline predators (tiger, leopard, lion, and snow leopard) and elephant are the principal 
sources of conflict. In India, in the state of Himachal Pradesh, near Kibber Wildlife 
Sanctuary, wild carnivores, mainly snow leopards, killed 18% of the total livestock 
holding in 1995 (Mishra 1997). In Australia, farmers regard kangaroos as pests as they 
damage crops and compete with sheep. The Australian federal government authorizes a 
certain number of kangaroos to be eliminated every year. Also in Australia, wild rabbit 
competition with domestic sheep for forage has resulted in lower wool clip per sheep, 
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lower weight gain, and lower wool quality. The wool industry was estimated to have lost 
$20 million US in 1980 in the pastoral districts of south Australia alone (Williams et al. 
1995). In Africa, human wildlife conflict is widespread. For example, crocodiles kill 
people in Lake Nasser in Egypt and inside towns in Mozambique, leopards take sheep 
within 100km of Kruger National Park in South Africa, and lions consume cattle in 
Nairobi National Park located in the outskirts of Nairobi (IFCFUN 2008). In Europe, 
wolf (Canis lupus) predation on domestic livestock is prevalent in some parts of the 
Abruzzo region in Italy where the rural economy is characterized by small-scale farming 
and cattle, sheep, goats, and horses are the main stock reared. Both wolves and bears 
(Ursus arctos) are present in the Abruzzo region but wolves are alleged to have caused 
most of the killings (94%) (Destefano 2005). In Israel’s Golan grassland plateau, a region 
managed as pasture for grazing cattle and inhabited by farmers who produce dairy 
products and cereals, farmers claim to lose an average of 1.5-1.9% of their calves born 
each year to jackals (Canis aurius) (Yom-Tov et al. 1995). 
Despite the size of the animals, the impact of elephant damage on humans is less 
than that of smaller animals that occur in greater numbers (IFCFUN 2008). For example, 
Bruggers & Elliot (1989) estimated annual losses caused by red-billed quelea (Quelea 
quelea) in Africa to be $20 million US. Egyptian fruit bats (Rousettus aegyptiacus) were 
declared a pest by the Cyprus Department of Agriculture in the early 1900s. Because of 
the destruction to commercial fruit farms, the government of Cyprus has used population 
control methods such as fumigation, shooting, and bounties on dead bats to keep the high 
population of these bats in check since 1927 (Hadjister 2006). Another study of three 
rodent species (cotton rats (sigmodon sp), roof rats (Rattus rattus), and rice rats  
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(Oryzomys palustris ) on crops in the Everglades, FL agricultural area revealed that the 
high abundance of rodents in sugarcane fields cause a serious destruction to sugarcane 
crops (Martin et al. 2007). In Northern Sumatra Indonesia, Marchal & Hill (2009) found 
that even though thirteen vertebrates were reported as causing damage to cultivars, the 
most important and the least important were common squirrels (Sciurus sp) and 
orangutans (Pongo pygmaeus) respectively.  
1.2.5 Human-Elephant Conflict (HEC) 
Elephants are infrequent pests but damage is more localized and severe than from 
other pest species (Hoare 1999). HEC occurs throughout the range of elephants in Africa 
including savannah ecosystems in eastern and southern Africa (O’Connel-Rodwell et al. 
2000), particularly where people practice cultivation (Sitati 2003). Subsistence 
agriculture is the sector most prone to conflict with elephants (Kangwana 2005), partly 
because of the high cost of HEC mitigation measures. Although people worldwide have 
positive attitudes towards elephants, these same mammals inspire animosity and fear 
among those sharing their land with them (Naughton-Treves 1999); these farmers view 
them as dangerous and destructive pests. Tourists view this same animal as a beautiful 
and charismatic icon of conservation (Dublin & Hoare 2004). Many factors influence the 
location and timing of HEC, including the maturity of crops, the area of crops under 
cultivation, and the distance of a farm from the boundary of a forest edge or protected 
areas (Naughton Treves 1998, IUCN/SSC African Elephant Specialst Group 2007). 
Most observers believe HEC is as old as agriculture (Naughton-Treves 1999). In 
many modern cases, elephants exist as island populations surrounded by humans and a 
major component of the relationship between humans and elephants is the conflict over 
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land use (Kangwana 1995). When elephants come into contact with people, especially 
those who practice cultivation, conflict is always the result of such interactions (Sitati et 
al. 2003) especially subsistence agriculture which is the most prone sector partly because 
of the high cost of HEC mitigation measures or lack of knowledge of appropriate 
mitigation methods (Kangwana 1995). Additionally, Jackson et al. (2008) found that 
despite mitigation measures put in place to ameliorate HEC in many regions of Africa 
and Asia, HEC is widespread because most approaches have tried to target the symptoms 
rather than its underlying causes. 
The success of elephant conservation initiatives depends on the attitudes of people 
living in neighboring areas. Most people resent the presence of elephants because of HEC 
and only tolerate them if they see the animals as having some financial value. In Dzunga-
Sangha Reserve in Central African Republic, with the establishment of the Dzunga-
Sangha project in 1989, the elephant population was actively protected in the hope of 
developing an ecotourism industry, thus improving the economic situation of the local 
people.  People started tolerating elephants and in turn elephants lost fear of humans. It 
was not uncommon to observe elephants during the daylight hours around the villages 
(Amis et al. 1999). As a result of improved conservation strategies and increased 
tolerance of elephants by people, local elephant populations increased and some low-
level conflict started. In Kenya, the number of elephants has increased as a result of 
decreased poaching. Elephants that once avoided human settlements when poaching was 
prevalent are now returning to these areas to raid crops (Smith & Kasiki 2000). 
Eighty percent of the range of African elephants lies outside formally protected 
areas (Hoare 1999); as a result elephants are coming into increased conflict with people 
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as the agricultural interface with elephant range expands (Hoare 1999, Sitati et al. 2003). 
Moreover, as with other forms of HWC, HEC is common at the borders of protected 
areas because elephants have extensive home ranges that interface with human 
settlement.  
Protected areas containing elephants fall into two management categories: ‘small’ 
reserves covering less than 1000 km2 (i.e. smaller than the typical elephant home range 
size), and ‘large’ reserves greater than 1000 km2 in extent (Owen-Smith et al. 2006). 
Elephant movement in small protected areas is limited and these areas are usually 
characterized by high elephant densities, sometimes more than the small reserve can 
support (Owen-Smith et al. 2006). This implies that the level of encounter between 
people and elephants is usually high near such small reserves, which explains why they 
have high levels of HEC (Thouless & Sakwa 1995, Naughton-Treves 1998).  
Nutritional requirements and seasonal differences in nutrient concentrations of 
wild and cultivated plants have been suggested as factors contributing to crop-raiding 
(Sukumar 1989, Nyhus 2000). A study by Rode et al. (2006) on nutritional ecology and 
its relationship with crop-raiding behavior of elephants in Kibale National Park suggested 
that the very low sodium concentration in the Kibale elephant diet and low availability of 
alternative sodium sources, such as soil or water, could be the drive for elephant's crop-
raiding behavior. Density and seasonal availability of water also are potential contributors 
to incidents of crop-raiding (Naughton-Treves 1998, Sitati et al. 2003,). 
In this study, I examined the spatial distribution of human-elephant conflict 
through mapping HEC hotspots in the Kasigau region of southeastern Kenya, especially 
in the seven villages surrounding Kasigau Mountain. The area around this mountain is 
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heavily settled and human wildlife conflict is a major problem. The area is prone to HEC 
because maize is an important staple food. Unfortunately, elephants also prefer this crop 
(Kioko et al. 2006). Additionally, this mountain is a catchment for all the water used in 
the region. Livestock watering points (water pans) are located close to settled areas and 
they attract elephants, especially in the dry season, thus increasing HEC (Thouless 1994, 
Kioko et al. 2006).  In order to determine the biological nature of HEC in this area, I 
concentrated on determining the characteristics of crop-raiding elephants, such as herd 
composition, number, and location of elephants. 
1.3 Justification 
HEC has increased in the last decade (Kangwana 1995) as a result of an increase 
in the human-elephant interface produced by expanding agriculture. The success of 
elephant conservation depends on the attitudes of people living near such interfaces. Most 
people will tolerate elephants only if they receive tangible benefits from their presence in 
the form of ecotourism revenue, employment opportunities, or other alternative 
livelihoods. In order to promote elephant conservation, to support subsistence farming, 
and to reduce HEC, research into the magnitude and proximate causes of HEC events is 
necessary. This study produces a comprehensive HEC database that is region-specific and 
is designed to support HEC mitigation. 
I conducted this study in the Kasigau region, around Mt. Kasigau. This area is dry 
and only drought-tolerant crops such as some varieties of maize (Zea mays), watermelon 
(Citrullus vulgaris), pigeon peas (Cajanus cajan), cow peas (Vigna unguiculata), 
sorghum (Sorghum vulgare), pumpkins (Cucurbita spp.), and cassava (Manihot esulenta) 
do well. Elephants like these crops too, contributing to  HEC especially in dry seasons. 
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Additionally, Mt. Kasigau is a catchment for all the water used in the whole of Kasigau 
region. It is also strategically located as a ‘terrestrial’ island because it is surrounded by 
eight group ranches and by two of the largest National Park systems in Africa (Tsavo 
East and West).   
  Local people were involved in this study by operating reporting stations where 
other members of the community reported any HEC to them. This process generated a 
sense of ownership to the community. In general, placing the responsibility for HEC 
mitigation with communities and assisting them in the application of simple, cost-
effective, farm-based measures may be the most suitable option for sustainable mitigation 
within the context of conservation.  
1.4 Objectives 
1.4.1 Overall objectives 
The main objectives of this study were to complete an intensive description of 
HEC in the Kasigau region of Kenya, establish the identity of herds that frequently crop-
raid, determine the number of individuals involved in farm incursion incidents, and. 
investigate factors potentially related to HEC such as distance of the farms from forest 
edge and livestock watering points. 
1.4.2 Specific objectives are to: 
• map HEC occurrences in the Kasigau region to identify HEC hotspots,  
• determine location of farms and the damage they sustain in relation to 
livestock watering points and forest edge, 
• identify elephant herds that frequently crop raid in the villages 
surrounding Mt. Kasigau, and 
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• determine the cost of damage to crops and facilities in the farms sustaining 
crop raiding. 
1.5 Study Hypotheses 
1.5.1 Background information 
My hypotheses emanated from studies done previously on the broad subject of 
human elephant conflict. In Kibale National Park in Uganda, Naughton-Treves (1998) 
found that small-scale subsistence farmers who grew food crops in farms within 200 
meters of the forest in villages where elephants are common were most vulnerable. 
Additionally, a study by Thouless (1994) found that artificially maintained water sources 
attract elephants and bring them closer to human settlements, thus increasing HEC. 
Nchanji & Lawson (1998) in Mbanyan-mbo Elephant Sanctuary in Cameroon revealed 
that crop damage at the village level ranged from no damage in some villages to severe 
damage in others.  
These studies led me to develop the following a priori hypotheses: 
Ha:  Farms near the bush edge or livestock watering points will experience higher crop 
raiding incidences than those farther away. 
Ho: Farms near the bush edge or livestock watering points will not experience higher 
crop raiding incidences than those farther away. 
Ha:  The cost of damage to crops in the farms is different across the seven villages.  
Ho: There is no difference in the cost of damage to crops in all the farms across the 
seven villages.   
This study aimed to determine the spatial distribution and identity of elephant 
herds to be targeted for mitigation efforts in the Kasigau region, Kenya.  I also 
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anticipated testing several a posteriori hypotheses to be developed as the database was 
built. This was inevitable given how little we know about the nature of HEC in this area. 
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2. STUDY AREA AND METHODS 
2.1 Study Area 
2.1.1 Brief history and location of Kasigau area. 
The study area is situated in the Kasigau location, around Mt. Kasigau. It occurs 
in Taita Taveta County in Coast Province in southeastern Kenya and is centered on 
38˚39’E and 3˚30’S (Figure. 1).  Kasigau is divided into three administrative areas 
namely, Buguta, Makwasinyi, and Rukanga. My study concentrated on two (Rukanga 
and Makwasinyi) sub-locations where all the seven villages (Rukanga, Jora, Bungule, 
Makwasinyi Kisimenyi, Kiteghe and Ngambenyi) occur (Appendix iii). 
Makwasinyi sub-location is 415.2 km2 and has Makwasinyi, Kiteghe, and 
Kisimenyi villages while Rukanga, Ngambenyi, Jora, and Bungule are found in Rukanga 
sub-location which has an area of 1,106.5 km2 (Kenya National Bureau of Statistics 
2009). Mt. Kasigau lies within the Taita Hills, one of the thirteen parts of the Eastern Arc 
Mountain (EAM) system in Kenya and Tanzania. Forest cover in the EAM has changed 
over time from continuous to fragments, resulting in isolated mountain blocks, producing 
what is termed a ‘terrestrial’ archipelago (Newmark 1998). Of all thirteen EAM, Taita 
Hills is the most severely deforested, with an estimated 98.1% of original forest cover 
already lost (Newmark 1998). Mt. Kasigau is the most northeastern of the Eastern Arc 
Mountains and is perceived to be highly threatened by human activities (Newmark 2002). 
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Figure 1. Map of Kenya showing general location of Kasigau (blue symbol). 
The periphery of the mountain is characterized by flat bush land and a chain of 
hills (Kalibo & Medley 2007). This area of private and communal land is a corridor for 
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wildlife, including elephants, that seasonally migrate between Tsavo East and Tsavo 
West National Parks in Kenya and Mkomazi National Park in Tanzania (Smith & Kasiki 
2000). The indigenous forest on Kasigau Mountain, the best remaining forest in the Taita 
Hills, is a refugium for unique biodiversity (Mulwa et al. 2007) and is not only home to 
endemic species but also a critical water source for the seven villages surrounding it. The 
area has no permanent river, hence, in dry seasons, wildlife populations in Tsavo East 
and West National Parks and the surrounding group ranches largely depend on the water 
coming from this mountain. Human settlements occur around the foot of the mountain 
and spread out to border Kasigau Ranch to the South and West and Rukinga Ranch to the 
East of Kasigau Mountain. Agricultural lands occur in the transition zone between bush 
land and montane forest, and human wildlife conflict is a major problem. 
2.1.2 Rainfall and temperature 
Mt. Kasigau has an altitude of 1641 m above sea level and captures enough 
atmospheric moisture from the Indian Ocean to sustain an evergreen forest above 1000 
meters. The altitude of Mt. Kasigau rises steeply from 600 to 1641 m in less than two 
kilometers. Rainfall on the surrounding plains ranges between 300 mm and 500 mm 
(Kalibo & Medley 2007).  
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2.1.3 Planting seasons and type of crops grown 
There are two planting seasons in Kasigau that coincide with rainy seasons; the 
first one (long rains) between March and May and the second between November and 
December (Msongori pers comm.). Similarly, Smith & Kasiki (2003) also reported two 
rainy seasons in Tsavo ecosystem generally lasting from November to December and 
March to May. I used this reported seasonal pattern as the basis to determine wet and dry 
seasons during the study period.   
 Farmers here practice small-scale farming and only plant either crops that mature 
fast such as maize, lentils, watermelon, and cowpeas or drought tolerant crops such as 
pigeon peas, sorghum, and cassava. 
 2.1.4 Vegetation types 
In terms of vegetation, Mt. Kasigau and the surrounding area is divided into three 
zones, namely montane forest, woodland, and bushland. These zones are characterized by 
low-density forestland, shrubs, and small patches of savanna grassland (Kalibo & Medley 
2007).  
Evergreen forest or montane forest (1000 to 1641m): 
 The montane forest is similar in composition to the renowned forest fragments of 
the Taita Hills, which currently cover an area of about 3 km2. This reflects a 98.1% 
reduction in indigenous forest cover over the last 200 years lost to clearance for 
agriculture (Newmark 1998) and forestry for wood to build houses and fence posts 
(Msongori pers. comm.). Trees in this zone include Manilkara sulcata, Albizia 
gummifera, Ficus sur, and Newtonia buchananii. 
Dryland forest (650-1000 m): 
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 This zone below the montane forest  is dominated by drought resistant mixed 
evergreen trees such as Boscia coriacea, Trema orientalis, Erhetia titensis, and deciduous 
woodland.   
Savanna grassland (50-800 m  
 This stratum lies in the lowest elevation and comprises indigenous savanna 
grasses and shrubs. It is mostly surrounded by Acacia commiphora forest that eventually 
transitions to patches of grass. Acacia bussei and Salvadora persica predominate in this 
stratum. 
2.1.5  Fauna 
The area hosts a wide variety of animal species of local, regional, and global 
interest. Mt. Kasigau is recognized by IUCN and WWF as a biodiversity hotspot (as part 
of the EAM) and an important bird area (IBA). It is home to Taita or montane white eye 
(Zosterops poliogaster), a bird of global interest and endemic to this area. Other animals 
found here include vervet monkey (Cercopithecus aethiops), Sykes monkey 
(Cercopithecus albogularis), dik dik (Madoqua kirkii), impala (Aepyceros melampus), 
savanna elephant (Loxodonta africana), buffalo (Syncerus caffer), plains zebra (Equus 
burchelli), leopard (Panthera pardus), and cheetah (Acynonyx jubatus).   
2.1.6 Land use and socioeconomic environment 
Mt. Kasigau (203 ha) is capped by a gazetted evergreen forest protected by the 
Kenya Forest Department. The lower elevations are communal land and private land. 
Small-scale subsistence farming and livestock rearing are the main activities in this area. 
Minimal illegal logging and charcoal burning also occurs. 
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Kasigau location is divided into three administrative regions: i) Buguta sub-
location which includes Kisimenyi village ii) Makwasinyi sub-location which includes 
Makwasinyi and Kiteghe villages, and iii) Rukanga sub-location which includes 
Rukanga, Jora, Ngambenyi, and Bungule villages. A sub-location is the smallest 
administrative unit in Kenya and consists of a few hundred to one thousand households, 
which are usually in the form of villages. Based on the 2009 population census, Kasigau 
location has a population of 13,813 and 2742 households (Kenya National Bureau of 
Statistics 2009). Kasigau Taita (Bantu) is the main ethnic group, but mixed groups of 
people have migrated into this area from various parts of the country. Some have 
established permanent residence while others rent houses. The sale of locally made 
handicrafts (such as woven bags, furniture, and tools), shops, and hotels are the main 
sources of livelihood other than agriculture and pastoralism. Mining is the other source of 
income for the people of Kasigau.     
2.1.6.1 Determining number of farms in the study area. 
There were no data available on the number of farms in the study area. Therefore, 
the number of farms per sub-location was estimated from the number of households 
reported by Kenya National Bureau of Statistics (2009). Because subsistence agriculture 
was the main source of livelihood here, every household had at least one farm for 
cultivation. Rukanga sub-location had 951 households, (Rukanga 500, Jora 225, 
Ngambenyi 106 and Bungule 120) Makwasinyi sub-location had 596 households 
(Makwasinyi 300, Kisimenyi 170 and Kiteghe 126). The total number of households in 
the study site was 1547 hence based on this figure; Hence, I inferred the number of farms 
in the study area to be at least 1547.  The estimated number of farms in each village in the 
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study site was: Rukanga 500 (32%), Jora 225 (14.5%), Ngambenyi 106 (6.9%), Bungule 
120 (7.8%), Makwasinyi 300 (19%), Kisimenyi 170 (11%) and Kiteghe 126 (8%).    
2.2.1 Mapping HEC hotspots 
I mapped human-elephant conflict hotspots from February 2010 to September 
2010. The following activities preceded HEC data collection in the field. 
2.2.1.1 Establishing elephant incursion reporting stations  
To begin my project, I held two community gatherings in each village and came 
up with good sites for reporting stations based on suggestions given by members of each 
village. Two considerations in choosing a good site for a reporting station were that it had 
to be known and easily accessible by a majority of farmers in the village, and it had to be 
located in a place known historically by farmers to be experiencing HEC. One individual 
amongst the villagers was chosen to man the reporting station. The residents of each 
village reported any conflict incident or any other form of human-elephant interaction to 
this person, who in turn informed me.  
After three months of data collection, I decided to combine the Jora and 
Ngambenyi reporting stations. Ngambenyi was the better location because it borders 
bushland (Kasigau ranch) and elephants would come from the ranch and crop-raid in 
Ngambenyi before moving on to Jora. Ngambenyi acted as a ‘buffer zone’ because, in 
many instances, elephants crop-raided in Ngambenyi but did not move on to Jora.  
2.2.1.2 HEC Data collection 
Among the seven villages in Kasigau, Rukanga, Kiteghe, Ngambenyi, and 
Makwasinyi had cell phone service while Kisimenyi, Bungule, and Jora had no service. I 
visited these three villages without cell phone service four times every week; the person 
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chosen to be in the reporting station had my cell phone number so that he or she could 
report any HEC incidents as soon as possible in the villages that had cell phone service. 
The data collection exercise was opportunistic because I visited only the farms 
experiencing conflict and as such, there was no random selection of unaffected farms.   
When any HEC incident was reported to me, I visited the farm(s) to verify the 
incident. I personally visited all farms reporting conflict and evaluated the magnitude of 
the damage in terms of economic cost incurred by the farmer and the type and extent of 
damage. This helped to minimize exaggeration of conflict reported by farmers themselves 
(Siex & Struhsaker 1999, Sitati et al. 2003). All relevant information relating to the 
incident was collected such as economic value of damage, time, location in UTM 
coordinates using a GPS (Lowrance ifinder® Go, Tulsa, Oklahoma, USA) unit, and the 
makeup of elephant herds (when possible).  
Economic cost of immature crops included the cost of labor that was used from 
land preparation to the period when the crop was destroyed and the cost of seeds. 
Economic cost of mature ready-to-harvest crop was simply determined by the existing 
market price at the time when damage occurred. 
To determine the cost of damage for the immature crops, I entirely relied on the 
farmer to give me information regarding the cost of labor for land preparation to when 
the crop was destroyed and the amount of seed sown. I got the seed prices from agro-
shops where farmers usually buy seeds. The opportunity cost incurred in terms of time, 
loss of sleep, and cost of defenses was beyond the scope of this study and was not 
considered in determining the cost of damage. When crop-raiding occurred, I periodically 
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visited Voi market and local kiosks where farmers brought their cereals to determine their 
prices if mature crops were involved.  
The only properties destroyed during the study period were thorn boma (hedge 
fence), soil erosion trenches and two, 20-liter water jugs. The cost of thorn boma that was 
destroyed by elephants was directly determined by asking the farmer the cost incurred to 
repair the destroyed section. Soil erosion trenches were usually charged depending on the 
length dug in meters. When the elephants destroyed a section of the trench, I measured 
the destroyed section in meters and multiplied by the cost incurred by the farmer per 
meter during preparation. The cost of two, 20-liter water jugs was determined by the  
buying price at the time of damage. 
I divided HEC incidents into crop-raiding, damage to property or livestock, and 
human injury or death. Based on the elephants’ tracks in the farms, I further subdivided 
crop-raiding into incidences involving only single elephants or larger units as in a study 
by Sitati et al. 2003. 
2.2.2 Identifying and monitoring elephant herds implicated in conflict 
Elephant home range size is affected by herd size and composition (male or 
female), habitat conditions, and seasons. Home range size may be 1600 km2 during 
seasons when resources are scarce (Feldhamer et al. 2004). Understanding the movement 
pattern and composition of the herd is important in mitigating HEC. Female-led family 
groups may be more spatially predictable than male elephants (Sitati et al. 2003). When 
any HEC incident was reported, and if timing and safety considerations allowed, I 
quickly went by motorcycle to the farm experiencing crop-raiding and tried to observe 
the elephants responsible. In the four instances that I was able to reach the farms while 
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elephants were still eating crops, I did not manage to get close enough to the elephants to 
collect any valuable data for identifying individuals. However, when the HEC incidents 
occurred, I attempted to follow the herd during the day primarily using their tracks. 
Indigenous people have for millennia co-existed with wildlife; this has 
bequeathed them with knowledge about their local area and wildlife called ‘local 
traditional knowledge’ (James 1984). I largely relied on farmers’ knowledge to identify 
problem elephants using their tracks on the farm after crop-raiding incidents, the size of 
the herd, and their movement (walking on the road or foot path possibly to avoid alerting 
farmers by noise made from breaking the bush). 
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2.3 Data analysis 
Data analyses were performed using Statsoft Statistica version 7.0. Data regarding 
elephant-related damage to crops and facilities, distances of the farms (those that 
sustained crop damage) to the bush edge and livestock watering points and seasonal 
pattern of crop-raiding incidents from February 2010 to the end of September 2010 were 
analyzed. Prior to analysis, the data were cross checked for errors. Descriptive statistical 
techniques were then used to summarize the data. First, the data were tested for 
normality. Abnormally distributed data were submitted to a variety of transformational 
techniques when parametrical statistical analyses were to be performed. The 
transformational techniques used included log-transformations (base-10 logs and natural 
logs) and exponential transformation. If the data departed from normality even after these 
transformations, then non-parametric analyses were performed. Kruskal-Wallis one-way 
median tests (the non-parametric analogue of a one-way ANOVA) were used to test for 
among-village differences in cost of damage to crops, facilities, crops and facilities 
combined, total cost of damage to crops per acre per incursion,(economic cost of damage 
per incursion divided by the farm size) and mean cost of damage to crops and facilities. 
Regression analyses were performed to determine whether location of farms in relation to 
the bush edge and natural or artificial water points had any influence on the rate of 
elephant incursion or cost of damage. Additionally, a Kolmogorov-Smirnov two-sample 
tests were performed to determine whether there were any differences in the distribution 
of the distances from the bush and from water for farms that experienced damage from a 
random selection of farms. 
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Chi-squared tests were used to determine differences in the proportion of number of crop-
raiding incidents across villages where expected number of raids per village was 
calculated as the proportion of the total number of farms in the study area multiplied by N 
(N= the total number of crop-raiding incidents recorded in the entire study period). I also 
used a chi-squared test to compare the number of crop-raiding incidents per season (wet 
vs. dry) where expected for wet season was calculated by (3/8*N) and (5/8*N) for dry 
season, where 3/8 is the number of months in the wet season divided by the number of 
months in this study and N is the total number of crop raiding incidents (225) in the study 
period.  Finally, a chi-squared test was used to compare the number of crop-raiding 
incidents by single vs. multiple elephants.  The expected number of raids were 
determined based on the findings of Smith and Kasiki (2003) in Kenya, where 14 
incidents were caused by lone elephants while 62 were caused by more than one 
individual, a ratio of 1:4.4.
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3. RESULTS 
Every village in Kasigau experienced some level of crop incursion (Figure 2). 
There was a significant difference in the number of crop-raiding incidents across all 
villages studied in Kasigau (X2 = 100.15; df = 6; p < 0.0001). 
 
Figure 2. Number of crop-raiding incidents per village in Kasigau region. A crop-raiding 
incident was determined by actual observation of elephants’ tracks on the farm following 
damage to crops. 
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3.1 Effect of distance to forest edge and distance to livestock watering points on the 
level of crop damage. 
Bungule, Ngambenyi, Kisimenyi, and Makwasinyi border the main game-bearing 
ranches in the study area and they sustained higher total cost of damage to crops by 
elephants (Figure 3) than Rukanga, Jora, and Kiteghe, which are not contiguous to these 
ranches. Linear regression analysis on the cost of damage to crops and relative to distance 
to the bush edge was barely significant (p =0.048, R2 = 0.0175, n=225), but the cost of 
damage to crops and relative to distance to water point (p = 0.1281, R2 =0.0104, n=225 ) 
was not statistically significant and  had no detectable effect on the overall damage to 
crops by elephants. Farms that recorded HEC (n=133) were closer to the bush than farms 
selected at random (n=30) (K-S, Max Neg Difference -0.090, Max Pos Difference 0.575, 
p<0001). Farms that recorded HEC (n=133) were farther from the water points than 
farms selected at random (K-S, Max Neg Difference -0.008, Max Pos Difference 0.576, 
p<0001). The mean distance to the bush edge of farms that reported HEC was 126 m (± 
14.25-SE) and for 30 randomly selected farms was 146 m (± 18.80- SE). Additionally, 
the mean distance to the nearest water point of farms that recoded HEC was 2549 m (± 
215-SE) and 1097 m (± 58-SE) for the randomly selected farms.   
3.2 Cost of damage to crops per village 
The seven villages in the study area experienced varying levels of cost of crop 
damage per incursion possibly because of their location in relation to each other or 
human settlements and presence or lack of deterrent measures against elephant crop-
raiding behavior. The difference in the cost of damage to crops per incursion among the 
villages was statistically significant (Kruskal-Wallis; H= 31.26, df= 6, p < 0.0001).  
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Ngambenyi had the greatest total cost of damage to crops per incursion (shillings 
223,080) then Kisimenyi (shillings 187,260), Bungule (shillings 169,350), and 
Makwasinyi (shillings 138,160). These four villages sustained higher total cost of 
damage to crops from elephants than Kiteghe (shillings 25,800), Rukanga (shillings 
22,910), and Jora (shillings 17,960).  
 
Figure 3. Total cost of damage to crops per village. 
The average cost of damage to crops per village in the study period shows that 
Ngambenyi, Kisimenyi, Bungule, and Makwasinyi sustained the greatest average cost of 
damage to crops per incursion (total damage divided by number of incursions per village) 
while Jora, Kiteghe, and Rukanga recorded the least damage. 
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Figure 4. Average cost of damage to crops per village per incursion.  This figure shows 
the average cost of damage to crops in the seven villages in Kasigau. Height of bar 
represents average cost of damage with standard error. 
3.2.1 Cost of damage to crops per acre per incursion in each village. 
The sizes of farms that sustained crop damage in the study area were different 
requiring standardization to damage per acre per farm per incursion. The cost of damage 
to crops per acre per incursion across the seven villages was statistically significantly 
different (Kruskal-Wallis; H= 14.38, df= 6, p = 0.026). This metric was calculated by 
dividing the total cost of damage per incursion for each farm by the number of acres in 
the farm.  
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Table 1. Cost of damage to crops, in shillings per acre per incursion, and average acreage 
with standard error in each village. 
Name of village Total damage to 
crops (shillings) 
Total cost of 
damage per 
acre per 
incursion 
Average 
acreage 
Average 
acreage 
standard error 
Bungule  169350 58913 4.3 0.51 
Ngambenyi 223080 65935 5.2 0.72 
Makwasinyi 138160 42263 6.4 0.62 
Kisimenyi 187260 49082 7.2 1.90 
Rukanga 22910 13022 4.3 0.89 
Jora 17960 5714 8 6.49 
Kiteghe 25800 8681 9 0.97 
Farms that sustained crop damage in all the villages had an average acreage of 
11.8  (± 5.6-SE). Kiteghe experienced the greatest average cost of damage to crops per 
acre per incursion (shillings 1447) while Rukanga sustained the lowest average cost of 
damage to cops per acre per incursion (868 shillings), Figure 5).  
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Figure 5. Average cost of damage to crops per acre per incursion. 
This figure shows the average cost of damage to crops per acre per incursion in the seven 
villages in Kasigau. 
3.2.2 Mean cost of damage to crops and facilities 
There was significant difference in the mean cost of damage to crops and facilities 
combined across all villages (Kruskal-Wallis; H= 30.56, df= 6, p < 0.0001) with a mean 
damage to crops and facilities of shillings 3720.4 (± 241-SE). Ngambenyi, Kisimenyi, 
Jora, and Kiteghe had relatively greater mean cost of damage to crops and facilities while 
Makwasinyi, Bungule, and Rukanga had lower mean damage to crops and facilities.  
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Figure 6. Mean cost of damage to crops and facilities 
This figure shows the mean cost of damage to crops and facilities in Kasigau region. 
3.2.3 Average damage for the top five most commonly raided crops. 
Elephants destroyed most crops planted on the farms in the study area but the 
frequency of attacks differed within and between the farms. The top five most commonly 
raided crops from each village in this study were maize (Zea mays), lentil (Lens 
culinaris), cow peas (Vigna unguiculata), pigeon peas (Cajanus cajan), and sorghum 
(Sorghum vulgare). A total of 133 farms recorded crop damage and out of these, 94 
(71%) had maize, 67 (50%) had lentils, 62 (47%) had cowpeas, 37 (28%) had pigeon 
peas, and 17 (13%) had sorghum planted. In all 94 farms that had maize planted 
alongside other crops, maize was attacked in 100% in all crop-raiding incidents 
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experienced. Similarly, sorghum was attacked during 100% of all crop raiding incidents 
experienced in all the farms that grew the crop.  
Table 2. This table below shows the type of crops, number of farms growing the crop 
that recorded HEC, and the percentage of elephant crop-raiding incidents in which the 
crop was attacked  
Type of 
crop 
Number of farms growing the crop 
out of 133 farms that recorded HEC  
Percentage of elephant crop-raiding 
incidents the crop was attached. 
Maize                                                           
94 
                                                              
100 
Sorghum                                                           
17 
                                                              
100 
Lentil                                                           
67 
                                                                
94 
Cowpeas                                                           
62 
                                                                
93 
Pigeon 
peas 
                                                          
37 
                                                                
89 
 
Maize is a staple food in this area and was planted in most farms that recorded 
HEC and sustained the highest average cost of damage across all the seven villages. The 
other three food crops; lentil, cowpeas, and pigeon peas are drought tolerant and were 
also planted in most farms because they do well here in Kasigau. 
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 Table 3 below shows corn, lentil cowpeas, pigeon peas, and sorghum, as the most 
commonly crop-raided crops in Kasigau area, 2010 (The order of crops is based on the 
number of incidents where these crops were destroyed on the farms that grew them). The 
cost is in Kenyan shillings.  
 
Table 3. Average cost of damage in Kenyan shillings per incursion for the top five most 
commonly raided crops. 
Village Crop Average cost of damage Standard error 
Bungule Corn 1094. 201 
 Sorghum 162 99 
 Lentil 350 65 
 Cowpeas 618 365 
 Pigeon peas 311 120 
    
Ngambenyi Corn 1587 342 
 Sorghum 465 179 
 Lentil 789 149 
 Cowpeas 439 101 
 pigeon peas 131 41 
    
Makwasinyi Corn 1046 287 
 
 Sorghum 
11 12 
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 Lentil 553 173 
 Cowpeas 386 127 
 pigeon peas 336 137 
    
Kisimenyi Corn 2605 373 
 Lentil 956 285 
 Cowpeas 899 335 
 pigeon peas 426 131 
 Sorghum 868 288 
    
Rukanga Corn 900 220 
 Sorghum 134 84 
 Lentil 153 60 
 Cowpeas 173 77 
 pigeon peas 67 46 
    
Jora Corn 2332 380 
 Sorghum 800 358 
 Lentil 20 20 
 Cowpeas 240 194 
 pigeon peas 0 0 
    
Kiteghe Corn 2500 342 
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 Sorghum 0 0 
 Lentil 367 150 
 Cowpeas 650 324 
 pigeon peas 750 416 
 
3.3 Crop-raiding incidents 
3.3.1 Total number of crop-raiding incidents and total number of farms recording 
HEC in Kasigau from February-September, 2010. 
The number of elephant crop-raiding incidents was determined in all the seven 
villages. A total of 225 elephant crop-raids in Kasigau were recorded from January to 
September 2010. Four of the seven villages in the study area experienced a 
disproportionately higher number of elephant crop-raiding incidents ranging from 39 to 
63 (16.74% to 27.04% of the total incidents, respectively), indicating similarity in 
elephant pressure for these four villages. Rukanga, Jora, and Kiteghe had very few crop-
raiding incidents recorded (n=15, n= 6, and n= 6, respectively), which accounts for a total 
of 11.59% of total crop-raiding incidents recorded in these villages (Figure 2 and Figure 
4) The proportion number of crop raiding incidents per village was significantly different 
amongst the villages from expected numbers based upon the total number of farms per 
village (X2 = 97.90; df = 3; p < 0.0001).  
 A total of 133 farms out of the estimated 1547 farms from the seven villages in 
the study area recorded some sort of HEC. Bungule and Makwasinyi each had 32 (24% 
of total farms that reported conflict in Kasigau) farms that reported conflict, Ngambenyi 
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and Kisimenyi each had 24 (18%), and Rukanga had 13 (9.7%), while Jora and Kiteghe 
had 3 (2.2%) and 5 (3.7%) farms that reported HEC respectively (Table 1).  
 
Table 4. Number of farms that reported HEC from the seven villages in Kasigau 
(February – September, 2010). 
Village  Number of farms 
that recorded HEC 
Percentage of total number of farms 
reporting incursions per village 
Bungule 32 2 
Ngambenyi 24 1.6 
Makwasinyi 32 2 
Kisimenyi 24 1.6 
Rukanga 13 0.8 
Jora 3 0.2 
Kiteghe 5 0.3 
 
3.3.2 Seasonal distribution of elephant attack on farms. 
The number of monthly incursions for each village was different across months 
(X2 = 43.26, df = 7, p < 0.0001) and the proportion of total crop-raiding incidents per 
season was significantly different than expected (X2 = 5.49122, df = 1, p < 0.019). 
February (dry season when crops were ready for harvest, 55 incidents) and September 
(dry season when the only vegetative structures on farms were drought tolerant crops, 10 
incidents) recorded the highest and the lowest crop-raiding incidents, respectively. March 
(wet) recorded 27 incidents. April (wet) recorded 21 incidents while May (wet) recorded 
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19 incidents. The same number of incidents were recorded during the months of July and 
August (30 each) while June (33 incidents) had the second highest number of crop-
raiding incidents recorded after February (Figure 7). 
 
Figure 7. Monthly pattern of crop-raiding in Kasigau, 2010. 
This figure shows monthly distribution of elephant crop-raiding behavior in 
Kasigau region from February to September, 2010. 
3.4 Size of elephant herds causing crop damage. 
 The extent of crop damage caused by elephants when they invade farms is 
possibly correlated with the duration of the elephants’ crop-raiding event, type of crop 
grown on the farms and most importantly, size of elephant herd involved in a crop raiding 
event  
A total of 225 crop-raiding incidents were recorded from January to September 
2010. The number of crop-raiding incidents by single vs. multiple elephants were 
significantly different (X2 = 329.1037; df = 1; p < 0.0001) A total of 163 (72%) farm 
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incursions were caused by elephant herds comprising multiple individual. Single 
elephants were responsible for 62 crop-raiding incidents, or 28% of total farm incursions. 
The percentage of raiding herds comprising multiple individuals is lower than the 
expected 81% and percentage for single elephants is higher than the expected 19% based 
on the findings of Smith and Kasiki (2000) in the same region.  
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4. DISCUSSION 
4.1 Relationship of distance to bush edge and to water points with the level of crop 
damage 
This study shows that one aspect of human-elephant conflict, crop raiding, was 
wide-spread and varied across all the villages surrounding Mt. Kasigau. The inter-village 
distances (one village to the neighboring one) are small and elephants can easily crop-
raid in more than one farm from different villages. Nonetheless, despite the small 
distances separating one village from the other, these villages are varied in terms of 
location in relation to bush edge and water points, number and size of farms, types of 
crops grown and location of human settlements and farming zones. Analyses of the effect 
of distance to the bush edge and livestock watering points on damage to crops 
demonstrated that there was no relationship between the distance of farms to the bush 
edge and to water points on damage to crops. Additionally, comparison of mean distance 
to the bush edge and distance to water points of the farms that recorded damage and 
randomly selected farms revealed that neither variable explained much if any of the 
pattern of crop raidings. Elephants traveled deep inside the farming zone and were not 
localizing their activities near the bush edge or water points but they were spreading to 
other farms away from the bush edge or water points. This may be because farmers near 
conflict prone areas (bush edge and near water sources) in Bungule, Ngambenyi and 
Makwasinyi villages were seen to actively guard their farms more than farmers far from 
these areas. However, analyses of crop-raiding incidents in each village
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 revealed that Bungule, Ngambenyi, Makwasinyi, and Kisimenyi sustained more total 
crop-raiding incidents compared to Rukanga, Jora, and Kiteghe (Figure 2). 
  The four villages that experienced high levels of farm incursions physically 
border major group ranches. Bungule village borders Rukinga and Kasigau Ranches, 
Makwasinyi borders Rukinga Ranch, Kisimenyi borders Maungu and Kasigau Ranches, 
and Ngambenyi borders Kasigau Ranch.  
Some studies have shown that HEC is localized and farms near the bush edge are 
more prone to HEC. In Masai Mara, Walpole & Sitati (2002) found that some places 
were more prone to elephant-related damage and conflict zones were highly localized. 
Similarly, Naughton-Treves (1998) reported that 90% of the crops raided in the villages 
surrounding Kibale National Park, Uganda were within 200 m of a forested boundary. 
She further suggested that the greater the distance between a farm and a forest boundary, 
the more the property was buffered. Hill (1997) also found that the majority of farmers 
experiencing crop-raiding in western Uganda were within 100 m of one of three habitat 
types (forest, forest fragment, and plantations).  
In this project the analysis of distance of farmland in relation to the bush edge 
revealed no biologically meaningful effect on whether or not the farms closer to the bush 
edge sustained high levels of HEC. This can be explained by the nature of spatial 
arrangement of the farms that sustained crop damage in Kasigau area. Some farmers have 
cleared places that used to be bush land and converted them to farm land. This has 
eventually created pockets of agricultural land surrounded by bush land, especially in 
Bungule and Kisimenyi. Nonetheless, elephants raided not only farms close to the bush 
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edge but also those further away; the distance of the farms to the forest edge did not 
matter. 
Additionally, I observed that most farmers having farms adjacent to the bush edge 
or group ranches placed their homesteads in strategic positions which they believed to be 
the elephants’ entry points or they were always vigilant and guarded their farms. If 
elephants entered into these farms undetected, they would either go deep into those farms 
or pass on and go to the nearby farms to avoid detection. This ensured that crop-raiding 
was spread to other farms away from the forest edge. 
The inter-farm distance was small because farms in all the villages were 
demarcated with either a thorn boma or a strip of uncultivated land left between two 
neighboring farms. Also, the distance from one village to the next ranged from 5 to 13 
km (from Rukanga to Jora was 4 km, Jora to Bungule 4 km, Jora to Ngambenyi 5 km, 
Bungule to Makwasinyi 12 km, and from Makwasinyi to Kiteghe 7 km). In this case, 
elephants would not spend a lot of time on one farm before moving to the next because 
most farms neighboring each other had similar crops. As a result of this, elephant crop-
raids were spread across most farms in a given village regardless of distance of the farm 
from a forest edge.  
Livestock watering points are located in the farming areas and sometimes 
elephants drink water from them after crop-raiding (Kanini pers. comm.). Farmers guard 
these livestock watering points during periods of water scarcity to keep elephants away, 
thereby reducing competition for water with their livestock. Artificially maintained water 
sources attract elephants and bring them closer to human settlements, thus increasing 
HEC (Thouless 1994). Kasigau has eight mapped livestock watering points of which five 
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(Kiminza, Mwanga, Gae rock, Ngambenyi, and Kasigau ranch) are found near human 
settlements (Appendix iii). However, in this study, the distances of the farms 
experiencing crop-raiding by elephants from artificial livestock watering points were 
found to have no detectable effect on the level of crop-raiding incidents. This may be 
explained by the fact that elephants mostly crop-raid when crops are ready for harvest. 
Moreover, during this time of the year, rainfall is usually inadequate and there is usually 
a water shortage. Farmers guard these artificial livestock watering points against 
elephants to reduce competition for water with their livestock. In fact, one of the group 
ranches has installed a barbed wire fence around a livestock watering point and has 
employed two night guards to actively deter elephants from drinking water from it. 
Consequently, elephants avoid these water pans and the farms around them even though 
they may occasionally drink and raid crops on the nearby farms. 
4.2 Cost of damage to crops 
4.2.1 Cost of damage to crops per acre per incursion 
Elephants are generalists; they consume various types and parts of vegetation and 
spend most of their time feeding (Feldhamer et al. 2004). Many factors influence their 
movement but the most prominent is probably food. Elephants can destroy a big area, 
especially if their presence on a farm is undetected by farmers or if the farm is unguarded 
(pers. obs.). Elephants are attracted to crops usually because they are more palatable and 
have fewer secondary defenses than wild plants (Sukumar 1989). Crops may also be 
more nutritious due to selective breeding.  
 The observed average cost of damage to crops per acre per incursion indicated 
that, as the size of farm increased, the level of crop damage per acre per incursion 
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increased as well. Generally, larger farms experience more crop damage per acre per 
incursion than smaller farms (Walpole & Sitati 2002). Kiteghe village had an average 
farm size of nine acres and experienced the highest average cost of damage to crops per 
acre per incursion (1447 shillings), while Rukanga village had the smallest average farm 
size of 6.5 acres and recorded the lowest average cost of damage to crops per acre per 
incursion (Table 3 and Figure 7). 
The observed high average cost of damage per acre per incursion in Kiteghe is 
likely because of the nature of elephant herds that crop-raided in this village. There is a 
section of farms in Kiteghe village that is located in a corridor that connects Maungu and 
Kasigau Ranches to Rukinga Ranch. A total of five farms in this village experienced 
elephant damage. Four of those were crop-raided by a single herd in one incursion and 
the other farm was crop raided on 15th and 17th of July. Generally, these farms in Kiteghe 
were raided by two different migratory herds (it was not possible to determine the exact 
size of the herds using their tracks because the herds were very large and tracks were 
spread across all the farms) between June 20th and July 17th, 2010. Generally, there are 
two kinds of elephants that crop-raid in this region; one is resident elephants whose 
ranges lie in the study area and who crop-raid all year round. The other kind is migratory. 
These animals crop-raid seasonally during migration from the Tsavos to Mkomazi Game 
Reserve in Tanzania and vice versa. KWS estimated a total of 400 to 500 elephant are 
involved in this seasonal migration.  
 The maximum and minimum average farm sizes in the seven villages of this study 
were 9 (± 0.97- SE) and 4.3 (± 0.89- SE) acres, respectively (Table 2). Farm owners 
neighboring each other, especially those living in HEC-prone villages such as Bungule, 
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Ngambenyi, and Kisimenyi (based on the number of crop-raiding incidents recorded in 
these villages; Figure 4) always guarded their farms together against crop-raiders. 
Although Makwasinyi village also sustained high elephant-related crop damage, the 
village is unique in that most farms are located away from homesteads and more often 
than not, crop-raiding incidents went unnoticed until the following day or whenever the 
farm owner visited the farm. It is generally difficult to guard against elephants, especially 
when you stay far from the farm because as observed by other studies on HEC, crop-
raiding takes place from late evening to early morning (Sitati et al. 2003). I observed that 
farmers from Makwasinyi mostly rely on passive elephant deterrent measures such as 
thorn bomas, scarecrows, and leaving buffer zones at the edges of their farms. 
 4.2.2 Mean cost of damage to crops and facilities 
HEC is broad and results not only in loss of crops but also destruction of property 
such as water installations, food stores, and village structures. Elephants may, on 
occasion, injure or kill people (Hoare 1999). This study showed that Kasigau area had a 
mean cost of damage to crop and facilities combined of 4862 shillings per incursion (this 
is the equivalent of 30 days labor at current agricultural minimum wage for Kenya). 
Ngambenyi, Kisimenyi, Kiteghe, and Jora recorded the greatest mean cost of damage to 
crops and facilities per incursion (Figure 8). Kisimenyi and Ngambenyi are adjacent to 
Kasigau and Maungu Ranches. Although these two villages are about 13 kilometers 
apart, they have one similar characteristic; the only barrier between the farms in these 
two villages and the ranches is a dirt road. Elephants cross this road to enter into the 
settled area before entering onto farms. Hoare (2000) noted that because human and 
elephants often compete for land, food, and water, conflict occurs almost everywhere 
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elephants come into contact with humans, regardless of whether the elephants are 
protected. Worse still, the elephants that crop-raid in this area have become habituated to 
the cheap, farm-based deterrent measures put in place by farmers such as flashlights, 
noise makers, and lighting fires at the farm edge at places where they believe to be usual 
elephant entry points.   
4.2.3 Average damage for the top five most commonly raided crops 
The top five most commonly raided crops in this study were corn (Zea mays), 
sorghum (Sorghum vulgare), lentil (Lens culinaris), cow peas (Vigna unguiculata), and 
pigeon peas (Cajanus cajan). Elephants destroyed other types of crops also, either by 
eating, trampling, or covering them with dung, but the above five crops were chosen for 
this analysis because out of all the farms that grew these crops, they were damaged in 
89% to 100% of all crop incursions recorded on those farms (Table 2). Elephants do not 
cause equal cost of damage to all the crops on the farms when they crop-raid. Some crops 
are more preferred than others (Walpole et al. 2004), hence the cost of damage to these 
crops is usually high. Maize had the highest average cost of damage followed by 
sorghum in all the villages and was destroyed in all the crop-raiding incidents recorded 
on the farms that grew them indicating that elephants preferred maize and sorghum to the 
other three crops (Table 2). The similarity in the high percentage of crop-raiding 
incidents that involved these two crops indicated that maize and sorghum were widely 
preferred by elephants regardless on whether they were grown on the same farm or on 
different farms.   
4.3 Crop raiding incidents 
4.3.1 Proportion of crop-raiding incidents 
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The number of farm incursions per farm goes hand in hand with the amount of 
damage to crops on the farms experiencing crop-raiding. Analysis of the proportion of 
crop-raiding incidents per village indicated that, larger villages with many farms 
experienced disproportionably more crop-raiding incidents than village with few farms 
(small villages). Similar to the high level of crop-raiding incidents recorded in Bungule, 
Ngambenyi, Mawaksinyi, and Kisimenyi, these villages also sustained high total cost of 
damage and average cost of damage to crops (Figure 3 and Figure 4). However, Jora and 
Kiteghe had very low sample sizes which could have affected this result. The reason for 
the low number of crop-raiding incidents recorded in these two villages is likely because 
of their location in relation to the other five villages. Jora village is centrally located and 
borders Kasigau Mountain on the east, Rukanga (north east), Ngambenyi (west), and 
Bungule (on the south). Kiteghe village borders Kasigau Mountain on the east, Rukanga 
on the south, and Kisimenyi on the west. These two villages therefore are buffered by the 
mountain and other villages and elephants seldom crop-raided them. However, the 
proportion of crop-raiding incidents in these two villages indicated otherwise. Jora had a 
higher proportion of crop-raiding incidents than Bungule, Kisimenyi, Kiteghe and 
Ngambenyi while Kiteghe also had more proportion of incidents than Bungule and 
Ngambenyi.  
4.3.2 Seasonal pattern of elephant attacks on farms. 
There is a relationship between time of year and the level of crop damage by 
elephants, with most crop-raiding incidents occurring during the dry season (Nchanji & 
Lawson 1998, Smith & Kasiki 2003). Walpole & Sitati (2002) also found seasonal crop-
raiding behavior in Masai Mara and revealed that crop-raiding was wide spread in two 
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seasons. One season was May to August and the other one was December to January; 
crop damage was greatest when crops were almost ready for harvesting. I found that crop 
raiding occurred mainly during the months of February, June, July, and August with 
February and September recording the highest and the lowest number of crop incursions, 
respectively (Figure 7). February recorded the greatest level of crop damage from 
elephants as this month coincided with harvesting time. June also recorded high incidents 
after February because crops were almost ready for harvesting and elephant incursion 
was on the rise. However, a dry spell set in at the end of June and part of July and August 
and crop harvest was not very good. Similar to my finding, Marchais’s (2005) work in 
Botswana found that crop-raiding coincided with the dry season, which usually began 
between February and May, depending on the rain, and ended between June and August. 
In the months of March, April, and May, crop-raiding was erratic. Usually a 
single individual or a group of elephants would crop-raid a number of farms in a 
particular village for a few nights. They may then disappear for days or weeks before 
returning to crop-raid again on these farms or different ones within the same village 
(pers. obs). 
September was the last month of my field study and I had informed farmers that I 
was winding up my data collection at the end of the month. Few farmers reported crop 
raiding incidents to the reporting stations during September, possibly because they felt 
that they had reported enough incidents to me in my previous visits to their farms. 
Crop-raiding was recorded in all eight months of this study, not just the months in 
which row crops matured (Figure 7). The possible reason for this trend is the availability 
of other plants on the farms such as banana (Musa domestica), pawpaw (Papaya sp.), and 
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mango (Mangifera indica) that mature seasonally and remain on the farms even after 
harvesting other biannual crops such as maize, cowpeas, and lentils. Additionally, most 
farmers synchronized their planting with the onset of rains while others waited until rain 
started. This staggering in planting time by farmers ensured that there were some crops 
on farms most months of the year, which in turn attracted elephants to crop-raid (pers. 
observ).  
4.4 Size of elephant herd causing crop damage 
I found that elephant herds comprising multiple individuals were responsible for 
most crop incursions in the Kasigau area. Smith & Kasiki (2000) found similar results but 
their study further revealed that these crop-raiders were comprised of family units. This 
study attempted to describe the characteristics of elephant herds responsible for HEC but 
because elephants crop-raid at night (Smith & Kasiki 2000), it was unsafe for me to visit 
the farms experiencing crop damage when elephants were actually still on the farms. As a 
result of the difficulty involved in seeing the actual raid and safety considerations, a 
detailed description of elephant herd characteristics during crop-raids was not possible.
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5. CONCLUSION AND RECOMMENDATIONS 
5.1 Conclusion 
The working hypotheses tested in this study were: (1) Farms near the bush edge or 
livestock watering points will experience higher crop-raiding incidences than those 
farther away, and (2) There is a difference in the cost of damage to crops sustained in 
farms across the seven villages. Results of the study showed that there was no significant 
difference in the cost of damage to crops between the farms near the bush edge or 
livestock watering points and those far away. Elephants traveled deep inside the 
agricultural zone and their movement was not influenced by the distance of these farms to 
the bush edge or water points. Therefore, the first hypothesis is rejected. The cost of 
damage to crops sustained across the seven villages studied was significantly different. 
Therefore, the second hypothesis is supported.  
Data collection in this study, as in many others, was opportunistic, largely 
dependent on whether farmers reported any HEC incident to the reporting stations and 
included the cost of damage incurred from the destruction. Farmers were more likely to 
associate this with monetary compensation and this could have influenced the high 
number of cases of reported HEC in February. Farmers may have reported all or most of 
the incidents in the initial stages but when they later realized that compensation was not 
the primary objective of this study, fewer cases were reported in the following months 
during the study period.  
Additionally, determining the actual cost of crop damage was challenging 
especially when immature crops were involved and the value of crops cannot be inferred 
from the most current market price at the time of elephant damage. To determine this 
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cost, I depended on the farmer to give the cost incurred from the time the land was 
prepared for sowing to when the crop was destroyed including costs of labor and seeds. 
This method of determining the cost of damage for immature crops was time consuming 
and prone to exaggeration.
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5.2 Recommendations 
• Kasigau is surrounded by major protected areas and eight group ranches and is an 
elephant corridor joining the Tsavo National Parks and the group ranches. HEC is 
a major problem here and farmers seem to view elephants as a ‘thorn in the flesh’ 
because they feel the Government has done little to protect their livelihoods. 
Solutions should be sought to change this attitude and attempts to conserve 
elephants should not make farmers feel that their needs are somehow less 
important than the animal being protected.  
• Farmers should be shown how to implement simple, cost-effective, farm-based 
methods to ameliorate HEC. 
• If endeavors to ameliorate HEC are to be accepted by members of the community, 
solutions to these problems should not be imposed and farmers should be made to 
own the process and the outcome. 
• The government and all wildlife stakeholders should embark on an intense 
campaign on proper land use management.  
• Ways should be sought to educate farmers to diversify and plant drought-tolerant 
crops rather than every farmer planting corn, which rarely does well in these 
villages. 
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APPENDICES 
Appendix i 
Raw data 
KASIGAU REGION HUMAN ELEPHANT CONFLICT RAW DATA, 2010 
# Farm ID Name of village Name of farm owner 
    
1 JM B Bungule Jumaa Mumba 
2 B2 (088) Bungule Jackson Maganga 
3 B3 (090) Bungule Esther Mwanajala 
4 M1  Makwasinyi Nelson. M. Mwanguo. 
5 M2 (91) Makwasinyi Vincent Mboti 
6 M3 Makwasinyi Nelson. M. Mwanguo. 
7 G1 Ngambenyi Peter Muthoka 
8 G2 Ngambenyi Peter Muthoka 
9 G3 Ngambenyi Peter Musyoki 
10 G4 Ngambenyi James Nguli 
11 R1 Rukanga Joyce Walegwa 
12 R2 Rukanga Mary Lukindo 
13 R3 Rukanga Majori Mosi 
14 J1 Jora Victor Mwakulila 
15 J2 Jora Patric Kileu 
           *16 Ruki (1) Rukinga Bati Mnyika 
17 G5 Ngambenyi Osno Mathitu 
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18 G6 Ngambenyi Peter Muthoka 
19 K1 Kisimenyi Masila Kimweli 
20 K2 Kisimenyi Mbulunzi Makove 
21 K3 Kisimenyi Samwel Kimanthi 
22 K4 Kisimenyi Peter Mutisya 
23 K5 Kisimenyi Masila Kimweli 
24 K6 Kisimenyi Mngumi Matasa 
25 K6 Kisimenyi Sidi Maumba 
26 K7 Kisimenyi Daudi Musau 
27 B4 Bungule Robert Mwavula 
28 B5 Bungule Anderson Mwaikamba 
29 B6 Bungule Dickson Matasa 
30 B 7 (090) Bungule Esther Mwanjala 
31 B8 (088) Bungule Jackson Maganga 
32 DM K Kisimenyi Dominic Mbovya 
34 M N Ngambenyi Wilson Muli 
35 DN K Kisimenyi David Ndiku 
36 DM K Kisimenyi Dominic Mbovya 
37 M N Ngambenyi Wilson Muli 
38 JN N   Ngambenyi James Nguli 
39 JN N Ngambenyi James Nguli 
40 JN N  Ngambenyi Joseph Nguli 
41 WM N Ngambenyi Wilson Muli 
42 RM N Ngambenyi Rachel Mathitu 
43 MM B Bungule Mwachia Mwashighadi 
44 AM B Bungule Asai Mwakangala 
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45 K2 Kisimenyi Mbulunzi Makove 
46 J B Bungule Jumaa Mumba 
47  DN K Kisimenyi Daniel Ngumbau 
48 RM K Kisimenyi Rama Mgala 
49 CN K Kisimenyi Charles Ndunda 
50 CM K Kisimenyi Cosmas Mulwa 
51 DM K Kisimenyi Margaret Gatonge 
52 JM K Kisimenyi Joseph Mwinde 
53 JG K Kisimenyi Joseph dabasa Guyo 
54 MC K Kisimenyi Mwanzia Chele 
55 MB K Kisimenyi Mgala Benja 
56 JM B  Bungule Jackson Maganga 
57 JM K Kisimenyi John mutie 
58 MK K Kisimenyi Mangale Kombo 
59 DM K Kis imenyi Daudi Mwanzia  
60  JM K Kisimenyi Johana Mbetei 
61 DM K Kisimenyi Dominic Mbovya 
62 CM K Kisimenyi Cosmus Mulwa 
63 DM K Kisimenyi Dominic Mbovya 
64 M N Ngambenyi Wilson Muli 
65 JN N Ngambenyi Joseph Nguli 
66 U N Jora Unkown 
67 JN N Ngambenyi James Nguli  
68 PRK J Jora Patrick Kileu 
69 CM J Jora  Chrispin Mwakai 
70 DM N Ngambenyi Dominic Mbovya 
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71  PM R Rukanga Philiph Mwadime 
72 NM R Rukanga Nguo Masudi 
73 JN N Ngambenyi James Nguli 
74 JN N Ngambenyi Joseph Nguli 
75 KM N Ngambenyi Kioko Mbilo 
76 JN N Ngambenyi Joseph Nguli 
77 SM N Ngambenyi Stanley mulwa  
78 JN N Ngambenyi James Nguli 
79 DM K Kisimenyi Dominic Mbovya 
80 RM B Bungule Robert Mwavula 
81 JM J Jora John Mwaela 
82 AM K Kisimenyi Anna Mwania 
83  RM B Bungule Richard Mwakati 
84 JN N Ngambenyi Joseph Nguli 
85 JN N Ngambenyi Joseph Nguli 
86 JM B Bungule Jumaa Mumba 
87 AM B Bungule Anderson Mwikamba 
88 BM B Bungule Bati Mnyika 
89 DM K Kisimenyi Dominic Mbovya 
90 M N Ngambenyi Mathuku 
91 AM B Bungule Andersom Mwikamba 
92 JM B Bungule Jumaa Mumba 
93 RM B Bungule Richard Mwakati 
94 JM B Bungule Jumaa Mumba 
95 DM K Kisimenyi Dominic Mbovya 
96 SM N Ngambenyi Stanley mulwa  
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97 AM N Ngambenyi Andrew Mathitu 
98 JoM B Bungule Joseph Mwakalu 
99 JN N Ngambenyi James Nguli 
100 SMR Rukanga Samwel Mwalugongo 
101 JK N Ngambenyi John Kimeu 
102 JN N Ngambenyi Nicholus Ndolo 
103 BM B Bungule Bati Mnyika 
104 DM R Rukanga Daniel Mwachogo 
105 HM B Bungule Harisson Mwakisambi 
106 JM B Bungule Jumaa Mumba 
107 B3 (090) Bungule Esther Mwanajala 
108 KK N Ngambenyi Kivuva Kimaile 
109 JK B Bungule Jorum Kadenge 
110 BJ B Bungule Benson Jumwa 
111 JM B Bungule Jumaa Mumba 
112 BM R Bungule Mnyika Rumba 
113 SM N Ngambenyi Stanley mulwa  
114 RM N Ngambenyi Rachel Mathitu 
115 OO N Ngambenyi Otono Orabo 
116 JW N Ngambenyi Joshua Wambua 
117 KM N Ngambenyi Kioko Mbilo 
118 JNZ N Ngambenyi Joshua Nzunia 
119 G3 Ngambenyi Peter Musyoki 
120 JN N Ngambenyi James Nguli 
121 G6 Ngambenyi Peter Muthoka 
122 PMW R Rukanga Paul Mwazo 
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123 GM B Bungule Gibson Mwanjala 
124 BM R Bungule Mnyika Rumba 
125 JNM B Bungule Justin Ngeve Mwakati 
126 JoM B Bungule Joseph Mwakalu 
127 JEK B Bungule Jeniffer Kea 
128 WM N Ngambenyi Wilson Muli 
129 PKM N Ngambenyi PhiliP Kilonzo Mathitu 
130 SEM N Ngambenyi Sembele Muthiani 
131 KK N Ngambenyi Kivuva Kimaile 
132 JN N Ngambenyi James Nguli 
133 AM N Ngambenyi Agnes Mndia 
134 KK N Ngambenyi Kivuva Kimaile 
135 SEM N Ngambenyi Sembele Muthiani 
136 JN N Ngambenyi James Nguli 
137 JMW B Bungule Jonathan Mwakai 
138 M3 Makwasinyi Nelson. M. Mwanguo. 
139 PMW R Rukanga Paul Mwazo 
140 JAM B Bungule Jackson Mwakoto 
141 TM B Bungule Tom Musioka 
142 M3 Makwasinyi Nelson. M. Mwanguo. 
143 M2 (91) Makwasinyi Vincent Mboti 
144 MWA M Makwasinyi Mwasikira Abedi 
145 WM N Ngambenyi Wilson Muli 
146 GR K Kiteghe Geofrey Kilingo 
147 SK K Kiteghe Shimiron Kongoi 
148 AK K Kiteghe Asheri Kisetu 
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149 TM K Kiteghe Thomas Mwarashu 
150 RM M Makwasinyi Rogers Mwagesha 
151 FK K Kisimenyi Francis Kimeu 
152 JMW B Bungule Jonathan Mwakai 
153 M3 Makwasinyi Nelson. M. Mwanguo. 
154 JM R Rukanga Jibram Mjoli 
155 RN R Rukanga Ramson Ndungu 
156 DM K Kisimenyi Dominic Mbovya 
157 JM B Bungule Jumaa Mumba 
158 MM K Kisimenyi Michael Mulu 
159 G3 Ngambenyi Peter Musyoki 
160 OM K Kisimenyi Onesmus Makenzi 
161 TM N Ngambenyi Tabitha Mathitu 
162 JNZ N Ngambenyi Joshua Nzunia 
163 JW N Ngambenyi Joshua Wambua 
164 WM N Ngambenyi Wilson Muli 
165 PKM N Ngambenyi PhiliP Kilonzo Mathitu 
166 OO N Ngambenyi Otono Orabo 
167 RN R Rukanga Justin Mwandango 
168 AM K Kisimenyi Anna Mwania 
169 FK K Kisimenyi Francis Kimeu 
170 MM B Bungule Mzee Malenge 
171 M R Rukanga Manyasi 
172 WM B Bungule Wilfred Mwazuna 
173 Mbo B Bungule Mbondo 
174 M3 Makwasinyi Nelson. M. Mwanguo. 
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175 MK K Kisimenyi Michael Kyungu 
176 DM R Rukanga Danson Mwatate 
177 SK R Rukanga Shuke Kitanga 
178 Jmwa K Kiteghe Jonathan Mwashuma 
179 LM B Bungule Linus Mwakudika 
180 GR K Kiteghe Geofrey Kilingo 
181 JN N Ngambenyi James Nguli 
182 NG MN Ngambenyi Ngalali Masaku 
183 M3 Makwasinyi Nelson. M. Mwanguo. 
184 BB B Bungule Boro Bwana 
185 B3 (090) Bungule Esther Mwanajala 
186 Mebs B Bungule Mebibi Simba 
186 CR M Makwasinyi Caroline Chanya 
187 MMW M Makwasinyi Mary Mwenda 
188 CM M Makwasinyi Crispin Mwakalu 
189 COR M Makwasinyi Cornelius Mzungu 
200 DAN M Makwasinyi Danson Anji 
201 MEM B Bungule Memwaka Makenga 
202 KadK B Bungule Kadenge Kalege 
203 BNM M Makwasinyi Benson Mwamba 
204 MN M Makwasinyi Margaret Nganga 
205 MWA M Makwasinyi Mwachupa Malala 
206 JAIM M Makwasinyi Jairo Mwangoma 
207 TAM M Makwasinyi Tagwa Nyambu 
208 KEN M Makwasinyi Kenneth Mboti 
209 DEM M Makwasinyi Dephence Mtagwa 
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210 EUK M Makwasinyi Eunice Kimonge 
211 NG MN Ngambenyi Ngalali Masaku 
212 GM M Makwasinyi George Mwamba 
213 DML M Makwasinyi Daniel Mwazia Lambo 
214 MKM Makwasinyi Milton Kogongo 
215 COR M Makwasinyi Cornelius Mzungu 
216 JAIM M Makwasinyi Jairo Mwangoma 
217 RAM M Makwasinyi Ramsom Mjomba 
218 HOL N Makwasinyi Holiness Ngio 
219 LIN M Makwasinyi Lina Mwachoki 
220 JMU N Ngambenyi Joseph Mutinda 
221 PASM M Makwasinyi PascalMwalegu 
222 PMW M Makwasinyi Peter Mwangombe 
223 GRJ M Makwasinyi Grace Josae 
224 MRG B Bungule Margaret Kilio 
225 ANM M Makwasinyi Anna Mwabara 
226 SMW M Makwasinyi Samwel Mwavula 
227 STK M Makwasinyi Stephen Kidedela 
226 ROM B Bungule Ronald Masha 
227 JAI M Bungule Jairo Matasa 
228 CH B Bungule Chisi Beje 
229 OM M Makwasinyi Omari Boisa 
230 JMU N Ngambenyi Joseph Mutinda 
231 HAB M Makwasinyi Harun Bakari 
232 CH M Makwasinyi Chrispus Mwalelua 
233 TOM M Makwasinyi Tomas Masha 
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234 ZAB B Bungule Zablon Tama 
    
Farm GPS 
Lat(S): Long(E): Farm size (Acres) Season 
    
3˚51'42.0" 38˚37'38.8" 5 Wet 
3˚51'31.6" 38˚40'46.1" 4 Wet 
3˚51'32.7" 38˚40'42.1" 5 Wet 
3˚48'83.3" 38˚41'54.6" 7 Wet 
3˚48'17.1" 38˚41'52.2" 4 Wet 
3˚48'83.3" 38˚41'54.6" 7 Wet 
3˚50'09.9" 38˚36'51.5" 8 Wet 
3˚50'09.9" 38˚36'51.5" 8 Wet 
3˚50'06.8" 38˚36'57.2" 7 Wet 
3˚50'19.3'' 38˚37'03.1'' 6 Wet 
3˚48'33.9" 38˚37'03.6" 3 Wet 
3˚48'31.5" 38˚37'01.1" 3.5 Wet 
3˚48'33.5" 38˚37'24.1" 1 Wet 
3˚50'50.9" 38˚38'04.9" 1 Wet 
3˚50'34.8" 38˚37'58.3" 7 Wet 
3˚51'39.8" 38˚43'59.1" 1.5 Wet 
3˚50'47.6" 38˚37'19.4" 12 Wet 
3˚50'13.2" 38˚36'54.9" 8 Wet 
3˚43'52.2" 38˚36'39.9" 4 Wet 
3˚48'52.7" 38˚37'19.2" 4.5 Wet 
3˚43'20.2" 38˚38'47.0" 4 Wet 
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3˚43'17.6" 38˚39'08.9" 7 Wet 
3˚43'55.6" 38˚36'40.7" 4 Wet 
3˚43'55.6" 38˚36'40.7" 6 Wet 
3˚43'55.6" 38˚36'40.7" 10 Wet 
3˚43'39.7" 38˚38'22.7" 6 Wet 
3˚51'57.9" 38˚39'24.4" 10 Wet 
3˚51'52.4" 38˚40'42.6" 3 Wet 
3˚51'55.3" 38˚40'43.7" 3.5 Wet 
3˚51'33.3" 38˚40'48.0" 5 Wet 
3˚51'31.6" 38˚40'46.1" 4 Wet 
3˚43'50.2'' 38˚37'14.9'' 4.5 Wet 
3˚51'12.7'' 38˚37'20.1''' 6 Wet 
3˚43'08.8'' 38˚38'56.4'' 4 Wet 
 3˚43'49.6'' 38˚37'14.7'' 4 Wet 
3˚51'12.7'' 38˚37'20.1'' 6 Wet 
3˚50'19.3'' 38˚37'03.1'' 6 Wet 
3˚50'19.3'' 38˚37'03.1'' 6 Wet 
3˚50'18.5'' 38˚37'03.0 4 Wet 
3˚51'12.7'' 38˚37'20.1'' 1 Wet 
3˚51'07.5'' 38˚37'22.4'' 4 Wet 
3˚52'16.2'' 38˚41'38.0'' 8 Wet 
3˚52'14.4'' 38˚41'42.2'' 3 Wet 
3˚48'52.7" 38˚37'19.2" 4.5 Wet 
3˚51'42.0" 38˚37'38.8" 10 Wet 
3˚43'11.9'' 38˚38'28.1'' 12 Wet 
3˚43'10.7" 38˚38'20.9" 4 Wet 
 64 
3˚43'10.3" 38˚37'48.6" 35 Wet 
3˚43' 32.o'' 38˚37'41.2'' 4 Wet 
3˚44'21.6'' 38˚38'45.3'' 10 Wet 
3˚43' 49.3'' 38˚38' 39.4'' 4.5 Wet 
3˚42'06.9'' 38˚38'07.1'' 3.5 Wet 
3˚43'54.3'' 38˚38'33.7'' 6 Wet 
3˚42'51.0'' 38˚37'47.9'' 4 Wet 
 3˚51'31.6'' 38˚40'46.1'' 4 Wet 
3˚43'55.8'' 38˚38'31.7'' 3.5 Wet 
3˚43'22.0'' 38˚37'37.7'' 6 Wet 
3˚43'35.5'' 38˚38'27.1'' 5 Wet 
3˚44'45.5'' 38˚38'42.1'' 8 Wet 
3˚43'45.5'' 38˚37'19.3'' 5 Wet 
3˚43'35.4'' 38˚37'26.5 2 Wet 
3˚43'50.2'' 38˚37'14.9'' 4.5 Wet 
3˚51'12.7'' 38˚37'20.1''' 6 Wet 
3˚50'18.5'' 38˚37'03.0 4 Wet 
3˚50'19.8'' 38˚38'00.4'' 3.5 Wet 
3˚50'19.3'' 38˚37'03.1'' 6 Wet 
3˚50'35.2'' 38˚37'58.9'' 7 Wet 
3˚50'17.4'' 38˚37'55.1'' 4 Wet 
3˚43'49.5'' 38˚37'14.7'' 4.5 Wet 
3˚47'14.3'' 38˚37'35.6'' 8.5 Wet 
3˚47'55.3'' 38˚37'54.4'' 9 Wet 
3˚50'19.3'' 38˚37'03.1'' 6 Wet 
3˚50'17.3'' 38˚37'01.3'' 4 Wet 
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3˚50'38.1'' 38˚37'32.3'' 3.5 Wet 
3˚50'17.2'' 38˚37'00.0'' 4.5 Wet 
3˚50'44.6'' 38˚37'27.1'' 2 Wet 
3˚50'19.3'' 38˚37'03.1'' 6 Wet 
3˚43'45.5'' 38˚37'19.3'' 5 Wet 
3˚51'57.9" 38˚39'24.4" 10 Wet 
3˚45'49.0" 38˚38'46.4" 29.5 Wet 
3˚44'15.5" 38˚36'19.7" 2.5 Wet 
3˚51'33.0" 38˚39'49.6" 6 Wet 
3˚50'17.5'' 38˚36'59.9'' 4 Wet 
3˚50'17.5'' 38˚36'59.9'' 4 Wet 
3˚51'42.0" 38˚37'38.8" 10 Wet 
3˚51'52.4" 38˚40'42.6" 3 Wet 
3˚51'39.8" 38˚43'59.1" 6 Wet 
3˚43'45.5'' 38˚37'19.3'' 5 Wet 
3˚50'10.0'' 38˚36'54.4'' 1.5 Wet 
3˚53'35.9" 38˚40'31.2" 1.5 Wet 
3˚51'42.0" 38˚37'38.8" 10 Wet 
3˚52'09.0" 38˚41'49.6" 12 Wet 
3˚51'42.0" 38˚37'38.8" 10 Wet 
3˚43'45.5'' 38˚37'19.3'' 5 Wet 
3˚50'44.6'' 38˚37'27.1'' 2 Wet 
3˚50'00.0'' 38˚37'15.6'' 6 Wet 
3˚51'53.4" 38˚39'18.8" 2 Wet 
3˚50'21.8'' 38˚37'03.8'' 6 Wet 
3˚50'21.8'' 38˚37'03.8'' 1 Wet 
 66 
3˚49'18.7'' 38˚37'17.5'' 4 Wet 
3˚49'55.5'' 38˚37'02.3'' 2 Wet 
3˚51'39.8" 38˚43'59.1" 6 Wet 
3˚49'17.4'' 38˚37'20.4'' 1.5 Wet 
3˚52'09.0" 38˚41'20.3" 2 Wet 
3˚51'42.0" 38˚37'38.8" 10 Wet 
3˚51'32.7" 38˚40'42.1" 5 Wet 
3˚49'48.3'' 38˚36'43.5'' 2 Wet 
3˚52'38.4" 38˚41'18.6" 2 Wet 
3˚52'41.4" 38˚41'16.8" 2 Wet 
3˚51'42.0" 38˚37'38.8" 10 Wet 
3˚52'32.2" 38˚41'31.4" 4 Wet 
3˚50'44.6'' 38˚37'27.1'' 2 Wet 
3˚51'07.5'' 38˚37'22.4'' 4 Wet 
3˚49'33.0'' 38˚36'58.4'' 0.5 Wet 
3˚49'29.4'' 38˚36'34.0'' 12 Wet 
3˚50'38.1'' 38˚37'32.3'' 3.5 Wet 
3˚49'26.4'' 38˚36'53.4'' 4 Wet 
3˚50'06.8" 38˚36'57.2" 7 Wet 
3˚50'21.8'' 38˚37'03.8'' 6 Wet 
3˚50'13.2" 38˚36'54.9" 8 Wet 
3˚46'29.3" 38˚37'24.8" 0.75 Wet 
3˚52'12.0" 38˚42'58.9" 2 Wet 
3˚52'32.2" 38˚41'31.4" 4 Wet 
3˚52'02.4" 38˚39'35.5" 3 Wet 
3˚51'53.4" 38˚39'18.8" 2 Wet 
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3˚52'00.3" 38˚39'32.1" 0.75 Wet 
3˚51'20.5'' 38˚37'19.5'' 1 Wet 
3˚50'54.8'' 38˚37'10.9'' 3 Wet 
3˚49'43.2'' 38˚36'43.4'' 4 Wet 
3˚49'48.3'' 38˚36'43.5'' 2 Wet 
3˚50'21.8'' 38˚37'03.8'' 6 Wet 
3˚50'28.6'' 38˚37'02.6'' 4 Wet 
3˚49'48.3'' 38˚36'43.5'' 2 Wet 
3˚49'43.2'' 38˚36'43.4'' 4 Wet 
3˚50'21.8'' 38˚37'03.8'' 6 Wet 
3˚51'58.4" 38˚41'59.9" 2.5 Wet 
3˚48'83.3" 38˚41'54.6" 7 Wet 
3˚46'29.3" 38˚37'24.8" 0.75 Wet 
3˚52'20.8" 38˚41'36.2" 4 Wet 
3˚51'50.9" 38˚41'24.4" 2 Wet 
3˚48'83.3" 38˚41'54.6" 7 Wet 
3˚48'17.1" 38˚41'52.2" 4 Wet 
3˚48'19.3" 38˚42'03.2" 1 Wet 
3˚51'20.5'' 38˚37'19.5'' 1 Dry/wet 
3˚46'17.4" 38˚39'50.2" 5 Dry/wet 
3˚46'18.7" 38˚38'42.2" 3.5 Dry/wet 
3˚46'23.6" 38˚38'45.0" 10 Dry/wet 
3˚46'13.0" 38˚38'53.4" 1.5 Dry/wet 
3˚47'56.5" 38˚41'30.1" 10 wet/dry 
3˚45'02.7" 38˚36'30.5" 10 wet/dry 
3˚51'58.4" 38˚41'59.9" 2.5 wet/dry 
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3˚48'83.3" 38˚41'54.6" 7 wet/dry 
3˚48'55.3" 38˚37'04.6" 1.5 wet/dry 
3˚48'57.1" 38˚37'04.9" 7 wet/dry 
3˚43'45.5'' 38˚37'19.3'' 5 wet/dry 
3˚51'42.0" 38˚37'38.8" 10 wet/dry 
3˚44'23.5" 38˚38'17.8" 7 wet/dry 
3˚50'06.8" 38˚36'57.2" 7 wet/dry 
3˚44'24.4'' 38˚38'22.7'' 4 wet/dry 
3˚51'05.7'' 38˚37'21.6'' 1 Dry/wet 
3˚49'26.4'' 38˚36'53.4'' 4 wet/dry 
3˚49'29.4'' 38˚36'34.0'' 12 wet/dry 
3˚51'20.5'' 38˚37'19.5'' 1 Dry/wet 
3˚50'54.8'' 38˚37'10.9'' 3 wet/dry 
3˚49'34.5'' 38˚36'46.7'' 0.5 wet/dry 
3˚49'22.8" 38˚37'10.9" 8 wet/dry 
3˚44'15.5" 38˚36'19.7" 12 wet/dry 
3˚45'02.7" 38˚36'30.5" 10 wet/dry 
3˚52'07.1" 38˚42'49.1" 10 wet/dry 
3˚48'11.1" 38˚37'11.4" 4 wet/dry 
3˚52'31.2" 38˚43'44.8" 2 wet/dry 
3˚51'58.5" 38˚42'44.8" 2 wet/dry 
3˚48'83.3" 38˚41'54.6" 7 wet/dry 
3˚43'20.5" 38˚38'05.4" 8 wet/dry 
3˚48'32.3" 38˚37'46.1" 7 wet/dry 
3˚48'32.1" 38˚37'38.3" 5 wet/dry 
3˚46'17.7" 38˚39'00.7" 6 Dry/wet 
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3˚51'49.2" 38˚40'50.2" 10 wet/dry 
3˚46'17.4" 38˚39'50.2" 5 Dry/wet 
3˚50'21.8'' 38˚37'03.8'' 6 wet/dry 
3˚51'05.1'' 38˚37'40.7'' 3 Dry 
3˚48'83.3" 38˚41'54.6" 7 Dry 
3˚51'27.0" 38˚40'28.1" 1 Dry 
3˚51'32.7" 38˚40'42.1" 5 Dry 
3˚51'13.7" 38˚40'18.9" 3 Dry 
3˚49'00.7" 38˚41'40.0" 6 Dry 
3˚48'59.4" 38˚41'54.3" 10 Dry 
3˚49'13.5" 38˚49'12.6" 10 Dry 
3˚49'25.0" 38˚41'23.8" 5 Dry 
3˚49'28.4" 38˚40'57.3" 15 Dry 
3˚51'12.7" 38˚40'17.9" 3 Dry 
3˚51'20.0" 38˚40'28.1" 2 Dry 
3˚49'38.8" 38˚41'26.4" 10 Dry 
3˚49'36.2" 38˚41'26.1" 2.5 Dry 
3˚49'32.5" 38˚41'24.1" 10 Dry 
3˚49'38.3" 38˚41'27.3" 5 Dry 
3˚49'04.5" 38˚42'20.6" 7 Dry 
3˚49'08.0" 38˚41'55.7" 7 Dry 
3˚49'08.0" 38˚41'56.7" 8 Dry 
3˚49'01.6" 38˚41'56.7" 12 Dry 
3˚51'05.1'' 38˚37'40.7'' 3 Dry 
3˚48'38.2" 38˚42'16.4" 3 Dry 
3˚49'21.0" 38˚41'14.7" 5 Dry 
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3˚49'19.7" 38˚41'11.8" 4 Dry 
3˚49'25.0" 38˚41'23.8" 5 Dry 
3˚49'38.3" 38˚41'27.3" 5 Dry 
3˚48'40.8" 38˚42'18.1" 1.5 Dry 
3˚48'35.5" 38˚42'35.0" 5 Dry 
3˚48'00.8" 38˚41'05.4" 6 Dry 
3˚50'36.4'' 38˚37'06.1'' 10 Dry 
3˚49'01.9" 38˚41'11.5" 5 Dry 
3˚48'45.6" 38˚42'20.7" 10 Dry 
3˚47'39.5" 38˚41'08.8" 7 Dry 
3˚51'03.6" 38˚40'14.4" 4 Dry 
3˚49'36.4" 38˚41'21.3" 5 Dry 
3˚49'22.8" 38˚41'18.8" 0.25 Dry 
3˚49'50.3" 38˚41'26.0" 4 Dry 
3˚51'03.7" 38˚40'16.7" 4 Dry 
3˚51'07.4" 38˚40'07.4" 5 Dry 
3˚51'19.3" 38˚40'36.9" 3 Dry 
3˚49'43.8" 38˚41'29.3" 7 Dry 
3˚50'36.4'' 38˚37'06.1'' 10 Dry 
3˚48'47.8" 38˚41'48.7" 10 Dry 
3˚48'46.1" 38˚41'48.3" 4 Dry 
3˚49'18.1" 38˚41'26.9" 8 Dry 
3˚51'28.1" 38˚40'45.1" 4 Dry 
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Date of 
incident 
Date 
reported Time of damage: night Day 
1/2/2010 2/2/2010 1 0 
6/2/2010 6/2/2010 1 0 
6/2/2010 6/2/2010 1 0 
5/2/2010 7/2/2010 1 0 
5/2/2010 7/2/2010 1 0 
8/2/2010 9/2/2010 1 0 
7/2/2010 8/2/2010 1 0 
10/2/2010 10/2/2010 1 0 
7/2/2010 8/2/2010 1 0 
7/2/2010 8/2/2010 1 0 
7/2/2010 8/2/2010 1 0 
9/2/2010 10/2/2010 1 0 
9/2/2010 9/2/2010 1 0 
10/2/2010 10/2/2010 1 0 
10/2/2010 10/2/2010 1 0 
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10/2/2010 11/2/2010 1 0 
11/2/2010 12/2/2010 1 0 
11/2/2010 12/2/2010 1 0 
             
14/2/2010 
                       
15/2/2010 1 0 
             
14/2/2010 
                       
14/2/2010 1 0 
             
14/2/2010 
                       
14/2/2010 1 0 
             
12/2/2010 
                       
14/2/2010 1 0 
             
14/2/2010 
                       
15/2/2010 1 0 
             
14/2/2010 
                       
15/2/2010 1 0 
             
14/2/2010 
                       
15/2/2010 1 0 
             
13/2/2010 
                       
15/2/2010 1 0 
             
14/2/2010 
                       
15/2/2010 1 0 
             
14/2/2010 
                       
14/2/2010 1 0 
             
14/2/2010 
                       
14/2/2010 1 0 
             
14/2/2010 
                       
14/2/2010 1 0 
             
14/2/2010 
                       
14/2/2010 1 0 
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23/2/2010 
                      
23/2/2010 1 0 
2/3/2010 2/3/2010 1 0 
6/3/2010 6/3/2010 1 0 
1/3/2010 1/3/2010 1 0 
2/3/2010 2/3/2010 1 0 
             
26/2/2010 
                       
26/2/2010 1 0 
             
28/2/2010 
                       
28/2/2010 1 0 
             
26/2/2010 
                       
26/2/2010 1 0 
             
26/2/2010 
                       
26/2/2010 1 0 
             
26/2/2010 
                       
26/2/2010 1 0 
1/3/2010 1/3/2010 1 0 
1/3/2010 1/3/2010 1 0 
               
1/3/2010 
                         
1/3/2010 1 0 
             
28/2/2010 
                       
28/2/2010 1 0 
             
22/2/2010 
                       
22/2/2010 1 0 
             
22/2/2010 
                       
22/2/2010 1 0 
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22/2/2010 
                       
22/2/2010 1 0 
             
22/2/2010    
                        
22/2/2010 1 0 
             
23/2/2010 
                       
23/2/2010 1 0 
             
21/2/2010 
                       
21/2/2010 1 0 
             
21/2/2010 
                       
21/2/2010 1 0 
             
21/2/2010 
                      
21/2/2010 1 0 
             
19/2/2010 
                       
20/2/2010 1 0 
2/6/2010 
                      
26/2/2010 1 0 
             
21/2/2010 
                       
21/2/2010 1 0 
             
22/2/2010 
                       
22/2/2010 1 0 
             
21/2/2010 
                       
21/2/2010 1 0 
             
23/2/2010 
                       
23/2/2010 1 0 
             
23/2/2010 
                       
23/2/2010 1 0 
             
24/2/2010 
                       
24/2/2010 1 0 
             
23/2/2010 
                       
23/2/2010 1 0 
2/3/2010 2/3/2010 1 0 
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7/3/2010 7/3/2010 1 0 
             
14/3/2010 
                       
14/3/2010 1 0 
7/3/2010 7/3/2010 1 0 
11/3/2010 11/3/2010 1 0 
             
14/3/2010 
                      
14/3/2010 1 0 
             
14/3/2010 
                      
15/3/2010 1 0 
             
16/3/2010 
                      
17/3/2010 1 0 
             
17/3/2010 
                      
18/3/2010 1 0 
             
18/3/2010 
                      
18/3/2010 1 0 
             
18/3/2010 
                      
18/3/2010 1 0 
             
20/3/2010 
                      
21/3/2010 1 0 
             
21/3/2010 
                      
21/3/2010 1 0 
             
20/3/2010 
                     
20/3/2010 1 0 
             
20/3/2010 
                    
20/3/2010 1 0 
             
29/3/2010 
                     
29/3/2010 1 0 
             
17/4/2010 
                       
18/4/2010 1 0 
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30/3/2010 
                       
30/3/2010 1 0 
             
29/3/2010 
                       
29/3/2010 1 0 
5/4/2010 6/4/2010 1 0 
             
28/4/2010 
                       
28/4/2010 1 0 
             
28/4/2010 
                       
28/4/2010 1 0 
             
13/4/2010 
                       
13/4/2010 1 0 
             
13/4/2010 
                       
14/4/2010 1 0 
8/4/2010 10/4/2010 1 0 
             
28/3/2010 
                       
28/3/2010 1 0 
             
29/3/2010 
                       
29/3/2010 1 0 
             
13/4/2010 
                       
14/4/2010 1 0 
             
14/4/2010 
                       
14/4/2010 1 0 
             
15/4/2010 
                       
14/4/2010 1 0 
4/4/2010 
                         
5/4/2010 1 0 
             
29/3/2010 
                       
30/3/2010 1 0 
             
29/4/2010 
                         
1/5/2010 1 0 
3/5/2010 
                         
3/5/2010 1 0 
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17/4/2010 
                       
18/4/2010 1 0 
             
28/4/2010 
                       
28/4/2010 1 0 
             
29/4/2010 
                       
29/4/2010 1 0 
             
29/4/2010 
                     
28/4/2010 1 0 
             
29/4/2010 
                      
29/4/2010 1 0 
             
27/4/2010 
                      
28/4/2010 1 0 
             
29/4/2010 
                      
29/4/2010 1 0 
               
5/4/2010 
                         
5/4/2010 1 0 
    5/4/2010 
                         
4/4/2010 1 0 
4/4/2010 5/4/2010 1 0 
2/5/2010 
                         
5/5/2010 1 0 
                
8/5/2010 
                         
8/5/2010 1 0 
               
8/5/2010 
                         
8/5/2010 1 0 
9/5/2010 9/5/2010 1 0 
9/5/2010 9/5/2010 1 0 
               
9/5/2010 
                         
9/5/2010 1 0 
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11/5/2010 
                       
12/5/2010 1 0 
             
13/5/2010 
                      
15/5/2010 1 0 
             
13/5/2010 
                      
15/5/2010 1 0 
             
14/5/2010 
                       
15/5/2010 1 0 
             
13/5/2010 
                       
15/5/2010 1 0 
             
17/5/2010 
                       
17/5/2010 1 0 
             
17/5/2010 
                       
17/5/2010 1 0 
             
17/5/2010 
                       
17/5/2010 1 0 
16/5/2010 15/5/2010 1 0 
26/5/2010 28/5/2010 1 0 
27/5/2010 28/5/2010 1 0 
2/6/2010 4/6/2010 1 0 
2/6/2010 4/6/2010 1 0 
2/6/2010 4/6/2010 1 0 
5/6/2010 
                                   
6/6/2010 1 0 
5/6/2010 5/6/2010 1 0 
 79 
           
6/6/2010 
                                   
6/6/2010 1 0 
6/6/2010 
                     
6/6/2010 1 0 
           
7/6/2010 
                             
7/6/2010 1 0 
           
7/6/2010 
                             
7/6/2010 1 0 
8/6/2010 
                     
8/6/2010 1 0 
           
8/6/2010 
                                   
8/6/2010 1 0 
           
8/6/2010 
                             
8/6/2010 1 0 
10/6/2010 10/6/2010 1 0 
14/6/2010 15/6/2010 1 0 
15/6/2010 15/6/2010 1 0 
16/6/2010 16/6/2010 1 0 
16/6/2010 16/6/2010 1 0 
14/6/2010 15/6/2010 1 0 
14/6/2010 15/6/2010 1 0 
14/6/2010 15/6/2010 1 0 
18/6/2010 
                                   
19/6/2010 1 0 
 80 
20/6/2010 20/6/2010 1 0 
20/6/2010 20/6/2010 1 0 
20/6/2010 20/6/2010 1 0 
20/6/2010 20/6/2010 1 0 
21/6/2010 21/6/2010 1 0 
24/6/2010 24/6/2010 1 1 
22/6/2010 22/6/2010 1 0 
26/6/2010 26/6/2010 1 0 
28/6/2010 28/6/2010 1 0 
28/6/2010 28/6/2010 1 0 
29/6/2010 29/6/2010 1 0 
30/6/2010 30/6/2010 1 0 
1/7/2010 1/7/2010 1 0 
30/6/2010 1/7/2010 1 0 
1/7/2010 1/7/2010 1 0 
2/7/2010 
                                   
2/7/2010 1 0 
 81 
2/7/2010 
                                   
2/7/2010 1 0 
2/7/2010 
                                   
2/7/2010 1 0 
4/7/2010 
                                   
4/7/2010 1 0 
4/7/2010 
                                   
4/7/2010 1 0 
5/7/2010 
                                   
5/7/2010 1 0 
6/7/2010 6/7/2010 1 0 
             
8/7/2010 8/7/2010 1 0 
8/7/2010 8/7/2010 1 0 
9/7/2010 9/7/2010 1 0 
10/7/2010 10/7/2010 1 0 
10/7/2010 10/7/2010 1 0 
10/7/2010 10/7/2010 1 0 
11/7/2010 11/7/2010 1 0 
             
12/7/2010 12/7/2010 1 0 
12/7/2010 12/7/2010 1 0 
14/7/2010 14/7/2010 1 0 
 82 
15/7/2010 17/7/2010 1 0 
15/7/2010 16/7/2010 1 0 
17/7/2010 17/7/2010 1 0 
           
18/7/2010 
                             
18/7/2010 1 0 
           
20/7/2010 
                             
20/7/2010 1 0 
20/7/2010 20/7/2010 1 0 
20/7/2010 20/7/2010 1 0 
            
23/7/2010 
                     
23/7/2010 1 0 
26/7/2010 26/7/2010 1 0 
6/8/2010 6/8/2010 1 0 
6/8/2010 6/8/2010 1 0 
8/8/2010 9/8/2010 1 0 
8/8/2010 9/8/2010 1 0 
8/8/2010 7/8/2010 1 0 
26/7/2010 26/7/2010 1 0 
3/8/2010 3/8/2010 1 0 
 83 
6/8/2010 6/8/2010 1 0 
9/8/2010 9/8/2010 1 0 
9/8/2010 9/8/2010 1 0 
9/8/2010 9/8/2010 1 0 
8/8/2010 9/8/2010 1 0 
6/8/2010 9/8/2010 1 0 
6/8/2010 7/8/2010 1 0 
6/8/2010 7/8/2010 1 0 
           
6/8/2010 
                            
8/8/2010 1 0 
16/8/2010 16/8/2010 1 0 
17/8/2010 18/8/2010 1 0 
16/8/2010 18/8/2010 1 0 
17/8/2010 18/8/2010 1 0 
17/8/2010 19/8/2010 1 0 
17/8/2010 18/8/2010 1 0 
15/8/2010 19/8/2010 1 0 
 84 
2/9/2010 4/9/2010 1 0 
           
17/8/2010 
                            
18/8/2010 1 0 
15/8/2010 17/8/2010 1 0 
15/8/2010 16/8/2010 1 0 
2/9/1900 2/9/2010 1 0 
15/9/2010 16/9/2010 1 0 
19/8/2010 20/8/2010 1 0 
17/8/2010 18/8/2010 1 0 
18/8/2010 19/8/2010 1 0 
15/9/2010 16/9/2010 1 0 
14/9/2010 16/9/2010 1 0 
10/9/2010 10/9/2010 1 0 
18/8/2010 19/8/2010 1 0 
           
26/8/2010 
                            
27/8/2010 1 0 
18/9/2010 19/9/2010 1 0 
20/9/2010 21/9/2010 1 0 
 85 
22/9/2010 23/9/2010 1 0 
26/9/2010 26/9/2010 1 0 
 86 
Deterrent used: Noisemakers Fire Flash lights Dogs Vigilance 
1 1 0 0 0 
1 1 0 0 0 
1 1 0 0 0 
1 1 0 0 1 
1 1 0 0 1 
1 1 0 0 1 
1 1 0 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 0 1 0 1 
1 0 1 0 0 
1 0 1 0 0 
1 1 1 0 1 
1 0 1 0 1 
1 0 1 0 1 
1 0 1 0 0 
1 0 1 1 0 
1 1 1 1 0 
1 1 1 0 0 
1 0 1 0 1 
1 0 1 0 0 
1 0 1 0 0 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 0 
 87 
1 1 1 0 0 
1 0 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 0 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 1 0 
1 1 1 1 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 0 0 0 
1 1 0 0 1 
1 0 1 0 1 
1 1 1 0 1 
1 0 0 0 0 
1 1 1 0 1 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
 88 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
 89 
1 1 1 0 0 
1 0 1 0 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 1 
1 0 1 0 0 
1 1 0 0 0 
1 1 0 0 0 
1 0 1 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 1 0 0 0 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 1 
1 1 1 1 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 1 1 
1 0 1 0 1 
1 1 1 0 1 
 90 
1 1 1 0 1 
1 1 1 0 1 
1 1 0 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 0 1 0 1 
1 1 1 1 1 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 0 
0 0 1 0 1 
1 0 1 0 1 
1 1 1 1 0 
1 0 1 0 1 
1 1 1 0 1 
1 1 1 1 1 
1 1 1 1 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 0 
1 1 0 1 0 
1 1 1 0 0 
 91 
1 1 1 0 1 
1 1 1 1 1 
1 1 1 0 1 
1 1 1 1 0 
1 1 1 1 0 
1 1 1 1 1 
1 1 1 0 1 
1 1 0 0 1 
1 1 0 0 1 
1 1 0 0 0 
1 1 1 0 1 
1 1 0 0 1 
1 1 0 0 1 
0 0 0 0 0 
1 1 1 0 0 
1 1 1 0 1 
0 1 1 0 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 0 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 1 0 0 1 
1 1 0 0 0 
1 1 0 1 0 
1 1 0 0 0 
 92 
1 1 1 1 1 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 0 
1 0 1 0 1 
1 0 1 0 1 
1 1 1 0 0 
1 1 0 1 0 
0 0 1 0 1 
1 1 1 1 0 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 1 
0 1 1 1 0 
1 1 1 0 1 
0 0 0 0 0 
1 1 0 0 1 
0 0 0 0 0 
1 1 1 1 0 
1 0 1 1 0 
0 1 0 0 0 
1 1 1 0 1 
1 1 1 0 1 
1 1 1 1 1 
1 1 1 1 1 
 93 
1 1 0 0 1 
1 1 1 0 1 
1 1 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 1 0 0 1 
1 1 1 1 0 
1 1 0 0 0 
0 1 0 0 0 
0 1 1 0 0 
1 1 1 0 0 
0 0 0 0 0 
1 1 1 0 1 
0 1 0 1 1 
0 0 0 0 0 
0 0 0 0 1 
1 0 0 0 1 
1 1 0 0 0 
1 1 1 1 1 
0 1 0 0 0 
0 1 0 0 1 
0 0 0 0 0 
1 1 1 1 0 
0 1 0 1 1 
0 0 0 0 0 
 94 
1 1 0 0 1 
0 1 0 0 0 
1 1 1 1 1 
0 1 0 1 0 
0 0 0 0 0 
1 1 1 0 0 
0 1 1 1 1 
0 1 0 0 1 
0 0 1 0 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 1 1 
1 1 0 0 1 
1 0 1 0 1 
0 1 1 0 1 
1 1 1 0 0 
     
Passive: thorn boma 
Buffer 
crops Buffer zone Log fence 
Scare 
crows 
1 0 1 0 1 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 1 
 95 
1 0 0 0 1 
1 0 0 0 1 
1 1 0 0 1 
1 1 0 0 1 
1 0 0 1 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 1 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 0 
1 1 0 0 0 
1 1 0 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 1 0 0 
1 0 0 0 0 
1  0 0 1 
1 0 0 0 0 
1 0 1 0 0 
 96 
1 0 0 0 0 
1 0 0 0 1 
1 0 1 0 1 
1 0 1 0 1 
1 0 0 0 0 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 1 0 1 
0 0 0 0 1 
1 0 1 0 1 
0 0 0 0 1 
1 0 1 0 0 
0 0 0 0 1 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 1 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
0 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
 97 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
0 0 0 0 0 
1 0 0 0 1 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
 98 
1 0 0 0 1 
1 0 0 0 1 
0 0 0 0 1 
1 1 0 0 1 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 0 
0 0 0 0 1 
1 0 0 0 1 
0 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
0 0 1 0 1 
1 0 0 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 1 0 0 
1 0 1 0 1 
1 0 0 0 0 
1 0 1 0 1 
0 0 0 0 1 
1 0 0 0 0 
1 0 1 0 1 
1 0 1 0 1 
 99 
1 0 1 0 1 
1 0 0 0 1 
1 0 1 0 1 
1 0 0 0 1 
0 0 0 0 1 
1 0 1 0 0 
1 1 1 0 0 
1 0 0 0 1 
1 0 1 0 0 
1 0 0 1 1 
1 0 1 0 0 
1 1 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 0 0 
1 0 0 0 0 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 0 0 
1 0 1 0 1 
1 0 1 0 0 
1 0 0 0 1 
1 0 1 0 0 
1 0 0 0 0 
 100 
1 0 1 0 0 
0 0 1 0 0 
1 0 0 0 1 
1 0 0 0 1 
0 0 1 0 0 
1 0 1 0 0 
1 0 0 0 1 
1 0 1 0 1 
0 0 0 0 0 
1 0 1 0 1 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 1 0 1 
1 0 0 0 0 
0 0 1 0 0 
1 0 0 0 1 
1 0 1 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 0 
1 0 0 1 1 
1 0 0 0 0 
1 0 0 0 1 
 101 
1 0 1 0 0 
1 1 1 0 0 
1 0 1 0 1 
1 0 0 0 1 
0 0 1 0 0 
1 0 0 0 1 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 0 0 
1 0 1 0 1 
1 0 1 0 1 
1 0 0 0 1 
1 0 0 1 0 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 0 
0 0 0 0 1 
0 0 0 0 0 
 102 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
0 0 1 0 1 
0 0 1 0 1 
1 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 1 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
 103 
1 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
1 0 0 1 0 
1 0 0 1 0 
1 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 1 0 
0 0 0 0 0 
1 0 0 0 0 
 104 
 
String fence 
Barbed 
wire 
fence moats 
Type of 
damage: 
Eaten Trampling 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
 105 
0 0 0 1 1 
0 0 0 1 1 
0 0 1 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 0 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
 106 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
 107 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
1 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 0 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
1 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
 108 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 1 0 1 1 
0 1 0 1 1 
0 0 0 1 1 
0 1 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 1 0 1 1 
0 0 0 1 1 
1 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
 109 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
 110 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 1 
1 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
 111 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
 112 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 0 
0 0 0 1 0 
 113 
 
Covered with dung 
Damage
: crops Property Livestock 
Crops 
damaged: 
corn 
     
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
1 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
1 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
 114 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
1 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 0 
0 1 0 0 0 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
1 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
 115 
0 1 1 0 1 
0 1 1 0 0 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 0 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 0 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 1 0 0 
 116 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 1 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 0 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 0 0 1 0 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
 117 
0 1 0 0 1 
1 1 1 0 1 
1 1 1 0 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
1 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 0 
0 1 0 0 1 
1 1 0 0 1 
1 1 1 0 1 
0 1 1 0 1 
1 1 1 0 1 
0 1 1 0 0 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
1 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
 118 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
1 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 0 
0 1 0 0 1 
0 1 0 0 1 
 119 
0 1 0 0 1 
0 1 1 0 1 
1 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
1 1 0 0 1 
1 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 0 
0 1 1 0 1 
0 1 0 0 0 
0 1 1 0 1 
1 1 1 0 1 
0 1 1 0 0 
0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
1 1 1 0 1 
0 1 0 0 1 
0 1 1 0 1 
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0 1 1 0 1 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 
0 1 1 0 1 
0 1 1 0 1 
0 1 0 0 1 
0 1 0 0 0 
0 1 1 0 1 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 
0 1 1 0 0 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 0 
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0 1 1 0 1 
0 1 1 0 0 
0 1 0 0 0 
0 1 1 0 0 
0 1 1 0 0 
0 1 1 0 0 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 0 
0 1 1 0 0 
0 1 0 0 0 
0 1 1 0 0 
0 1 0 0 0 
0 1 1 0 0 
0 1 0 0 0 
0 1 1 0 0 
0 1 1 0 0 
0 1 1 0 0 
0 1 0 0 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 1 0 0 
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Millet Cowpeas Sorghum Water melon Lentil Papaya 
      
1 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 1 
0 0 0 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 1 0 1 0 
0 0 1 0 1 0 
0 1 0 0 1 0 
0 1 1 0 1 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 1 1 0 0 0 
0                       0 1 0                1 0 
0 0 1 0 1 0 
0 1 1 0 0 0 
0 0 1 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 1 1 0 0 0 
0 1 1 0 1 0 
 123 
0 1 1 0 1 0 
0 0 0 1 0 0 
0 1 1 1 1 0 
0 0 1 0 0 0 
0 0 1 0 0 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 0 1 1 0 0 
0 0 0 0 1 0 
0 1 1 0 0 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 0 1 0 1 0 
0 0 1 0 1 0 
0 0 1 0 1 0 
0 0 1 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 1 1 0 1 0 
0 1 0 0 1 0 
0 0 0 1 0 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 1 1 0 0 0 
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0 0 1 1 0 0 
0 0 1 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 0 
0 1 1 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 1 0 1 0 
0 1 0 0 1 0 
0 0 1 1 0 0 
0 0 0 0 1 0 
0 0 1 1 1 0 
0 0 1 1 1 0 
0 0 1 0 0 0 
0 1 1 0 1 0 
0 0 1 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 1 0 1 0 
0 1 0 1 1 0 
0 1 0 0 0 0 
0 1 0 0 0 0 
0 1 1 0 1 0 
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0 0 1 0 1 0 
0 0 1 0 1 0 
0 1 1 0 1 0 
0 1 0 0 1 0 
0 1 0 0 0 0 
0 0 1 0 0 0 
0 0 1 1 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 1 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 1 1 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 1 1 0 1 0 
0 0 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 0 1 
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0 0 0 0 1 0 
0 0 0 0 0 0 
0 1 0 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 0 1 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 0 0 
0 0 0 0 1 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
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0 0 0 0 1 0 
0 0 0 0 0 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 1 0 1 1 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 1 0 0 1 0 
0 0 1 0 0 0 
0 0 0 0 1 0 
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0 1 0 0 1 0 
0 1 1 0 1 0 
0 1 0 0 0 0 
0 0 0 0 1 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 0 
0 0 1 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 1 1 0 0 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 1 0 0 0 0 
 129 
0 1 0 0 0 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 1 1 
0 1 0 1 1 0 
0 0 0 1 1 0 
0 1 0 0 1 0 
0 1 1 1 1 0 
0 0 0 1 0 1 
0 0 0 1 0 0 
0 1 0 0 1 0 
0 1 1 1 0 0 
0 0 0 1 0 0 
0 1 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 0 1 
0 0 0 0 0 1 
0 0 0 1 0 1 
0 0 0 0 0 0 
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0 1 0 1 1 0 
0 1 0 0 1 0 
0 1 0 0 1 0 
0 0 0 0 1 0 
0 0 0 0 0 0 
0 1 0 0 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 1 0 0 0 0 
0 0 0 0 1 0 
0 1 0 1 1 0 
0 1 0 1 1 0 
0 0 0 0 0 0 
0 1 0 0 0 1 
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Appendix ii 
 
 132 
 
Appendix iii 
 
Google Map showing the seven villages in the study area (yellow pins), main water pans 
(blue triangular-shaped symbols), and thirty randomly chosen farms. 
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Appendix iv 
Map of livestock watering points in Kasigau area, 2010. 
 
Map showing livestock watering points in Kasigau. (Image credit: Chris Colonna) 
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GLOSSARY 
EAM     Eastern Arc Mountains 
HWC     Human Wildlife Conflict 
IUCN     International Union for Conservation of Nature 
KWS     Kenya Wildlife Service 
SSC     Species Survival Commission 
UoN     The University of Nairobi 
WKU     Western Kentucky University 
WWF World Wide Fund for Nature (formerly World    
Wildlife Fund) 
 
 
 
 
 
 
  
 
